. 


WHEREIN, 


The Doctrine of Plain and Spherical 114 NGLES, 
lf Handled, Geometrically Demonſtrated, Arith- 


Geometrieally „Inſtrumentally Performed; 


Y, JA THEORIES | 
of the PL AN E TS. 


6 — 


Young 8 1 2 UDE N T 


1 N THE 


N the S dy (as well as in the 1 


ceeding therein, ought 'F irſt, and Princi- 


to Teach ; and another How to Tens: And, ac- 
cording to 


Docet. 
Now, the Deſi ign of this Book, being for the 


| DireSling and Inſtructing of 1 uch 38 


rectly upon that Part he principally aims at, but 


h, 7 are . to, „ them Y 4 


f 


42 


MA THEMATICKS. 


of any Art or Science , a Gradual Pro- 
_ pally, to be conf dered : For, Iv; is one thing 
the Adage, Qui bene iftinguit bene: 
ould apply 
themſelves to the Study of any Mathematical Sci- 
ence, ſo as to become ſuch a Pro ficient therein, as 

to give a Demon rable Account of what he 0 = 


muſt not attempt, at the firſt Onſet; to fall di. 


beſt acquaint himſelf well with ſuch Elements as 


60 ef 
— 


"PREFACE. 


And to that end, I he ſeveral Parts acd _— 
ol of this? Bouł, are dif poſrd in ſuch Order; 
That, {Beginning with the -Firſt Part (which bs 
as a. KEV to give you entrance into the GATE; 
which is the Secon Part; Through which, ha- 
ving perfecti paſſed, you may confidently pro- 
cCäeed to fall upon the Study (or Practice) of any | 
Mathematical Science; And. not only on 17 
that I have here (by my HANDMAID, 
the Third Part) directed you to; but to . o- 
ther you ſhall attempt: TRI GO NOME- 
TRIA being the Baſs, | Foundation ; nay, the 
1 ou! Primum Mobile, of all the reſt. 1 
For Illuſtration whereof, I have applyed the 
Doctrine of Triangles to P roGice (in the ſeveral 
Section of the Third Part) in the Solution of 
ſuch Problems, as are of Sen uſe in ſeveral 
Parts of the Mathematic . So in the F irſt, 
r tegcheth how toxtake all. manner of 
d Diſtances, acceſſible, or inacceſſible : 
0 Fa J in 3 Sixth, which treateth of Navigation 
both by the Plain Sea · Cham, and that called Mer- 
catorr; in both which, I haye firſt ſhewed how 
Geometrically, by Scale a d Compaſſes, to lay 
doyvn * Paper) a Figure anſwerable to the 
1. Queſtion Propounded: In Which Fgure, ſo laid 
e you will have, ganſtituted a Right-Lingd, 


4 3 rY 3 „* 1 
= _ # 
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aa or W of ſome kind or — ug ie 
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"oe Right or — FE it diſ- 
Tovered what Parts thereof are Given, by the de- 


mand in the Queſtioan; and then the Futt or 


Parts Unknown'will: be ſuch: (as being found) 
will anſwer the Queſtion demanded: And herein 


225 the Excellency of the Doctrine of Plain 3 


as the thing propoſed does require.) Which 


meaſure, is the Dodlrine o 
£2, made applicable to all the ibove-named: Practices. 


is in part made manifeſt. 
Likewiſe, In the 1 F. 2d. 3410 * And n. 
Sections, Which treateth of Gag aphy; and 
therein of Geography, Aſtronomy 5 2 
I do firſt declare, and ſhew how the Operation 
of the Queſtion or Proportion, is to be performed 
upon the Terreſtrial. or Celeſtial Globe ( "acoording 


Queſtion: being reſolved upon the Globe; and the 
Globe reſting in the ſame Poſition it was when ; 
the Qieſtion was reſolved thereupon You will- 
upon the Body of the Globe,” (by the great Circles 
thereon deſcribed, and thoſe appendant to it) 
apparently diſcover a Sphericul Trianglelor Tri- 
angles Conſtituted; in which (accarding/to the 
Tenor of the Oueſtion)-you Will plainly perceive 
what Paris thereof are Given ; and then, the 
other Part being found, muſt neceſſarily Anſwer 
the Queſtion Propounded-;: And herein, in ſome 
cal Triangle 


And Moreover, - by Projeciuig of the Sphiere, 
a 1 ; ? : I „ i 


"PREFACE 


as is done for the Geo graphical Problems in Part III. 
Section the Second. 3 for Aſtronomical P roblems, 
as is ſhewed in PART II. Section II. Of Pro- 
jection of the Sphere 1 in Plano, G. 
Allo in the VIIth. Sefton, Which treats of 
the J. heories, and finding the Flom of the Pla- 
nets, Oc. there the Doctrine of Triangles both Plain 
and Spherical, are joyntly concerned So that, 
let your Mathematical Practice or Stud) be, Op- 
ticks, - Perſpetive, Fortification, Gunnery, or any 
our: Mathematical Art : The moſt Problems re- 
hting to any of them, muſt be beholding to. 
Irigonometry tor their e | 
And now I have but one thing more to adver- 
tie the Reader of: That, Whereas in the per- 
tormances of all the Operations i in the ſeveral Parts 
of this Book, the Firſt (which treats of Practical 
Geometry only) excepted, there is continual 
Uſe to be made of a Canon, Trx160NOMETRI- 
c; or TABLES of Artificial SINES, TAN 
r and LOG ARITAHuS; So that the. Render 
cannot expect but that ſuch TABL Es ſhould have 
been Added unto theſe Precepts. And, indeed, it 
was ſo intended, but that almoſt in every Book 
that hath any thing of the Menſuration of Trian- 
gles in it, there are ſuch Tables Printed; and that 
one or other of them may be in every Mans 
Kands ; and becauſe all 1. Problems 1 in this Book _ 
MSF SP 


- PREFACE 
may be ſolved by (almoſt) any of thoſe Canons 
0 Tables, Was the occaſi on of the omiſſion = 
ſuch T ables here at preſent. But chiefly, b 


cauſe there is Wtended (in ſome ſhort time) 8 
be Printed, )' A Canon of Artificial S 1 ES and 
| Tancenrs, both Seragenary and Centeci- 
| mal: : differing from any yet Extant ; it ſupply- 
ing both ways of Numeration at one view, and 
yet in the ſame Room: And to this C anon ſhall 
be Added TenCuit1avsof Lo GAAIT HMS com- 
modiouſſy Contracted; and the Uſe eo in 


Logarithmical Arithmericlk 
Thus having given the Theater i A Ge! Ace- 


| count in this' Preface, I refer him to a more Par- 
ticular in the following Contents, and fo leave 


him to the Practice of them: In which I wih him 

good ſuceeſs; and till he hears en irony w_ 
me, bid him Farewell e 3 

eee eee, OST Y 25 
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SECT. I. Of GEOMETRY. 


And therein of : 
AE Tran TEIA; Or the Teking of Heit pts, ( of 
Towers, Trees, St eples, Cc. Whether Acceſſible or buac- 
Cefſible; ſeveral Hays From Page 141 to Page 147 
2: LONGIMETRIA, Or the Meaſuring of Diſtances : 4s of 
Remarkable Places upon the Earth, Ships por the Sea, fc. Ei. 
N ther Acceſſible, or Inacceſible e 
_ | 3. PLANOMETRIA, Or the Meaſuring of Plains. 4. 
—_ : - 25 Board, Glaſs, Pavements, Hangings, Wainſcot, & 

"I | £6 F 
3 „ . Or Ane of Lanek -- 150 158 
1 8 5. STERFOMETRI 4; Or the Monſuration of Solids : 
_— If As Timber, Stone, Ec. And of Regulars : 4s Cubes, Globes, 

Priſms, Parallelipipedons JED 3 Cones, &c. whether 


| | | # Whole or Dare 90 155 FW 1 160 


SECT: Of COSMOGRAPHE. 


| And therein of 
a I, The Material Sphere, or Globe, Celeftial and Terreſtrial: 4nd of: 
ſuch Circles, Lines and Points as are gere thereon, or 


" Herd uro ER SRO ND AI 157 to 167. 
, 2.600 K. 
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| The CONTENTS 
2 COSHOGAPHICAL ELEME NTS, both. E 
eee and Aftionbraical | or WW I 167 to 175 3 b 
SECT. m. orenoeRAe EE 7 
And therein of . 3 a 4 


The oj . FE the Terreſtrial Globe, and EIS ; fr the Sithati- 5 
| laces both in Longitude and Latitude: And to find their 
5 ances: nad _ by e Calculation. * [ 


EET SE. 
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1. ASTRONOMIC 17. TABLES. e y 


2. Aſtronomical Problems, relating to the Sun 0 Fired N 
To Vork them 1 pen the Globes; And by Trigonsmetticah Calcu- - 
lation alſo toy to 256; 
'S Astronomical Problems, relating to Aſtrology 257 to 266 


SEC 7: v. Of SCIDGGR: APHIA, or DIALING. 2 


11. 


| And therein os: - | 
1. 5 741 LING im General; mith the Situation ef all Plains. 1 - 
_ onwhich Dials may be made + Aid to ud ont am ſuch Situatie. 
EF Be 272: © 08 
2. The Making of all ſorts of Dials, by finding ont the places of Sub- 
* ale. Stile and Hour-Diſtances, "by the Globe: 41d alſo, to ford 
the ſame Requiſites, and Hour-Diſtances, by Trigonometrical. 75 
Calculation, after a new Method 272 to 2% 
3. The liſcription of the Greater and Leſſer Circles of t the * 2 
pon all forts of Dial Plains | oe 
And ſuch are 5 
Parallels of Suns Courſe throughout the Zodiack, | „ 
 . \Parall. of the Days length, Suns Riſing Setting, E 2 2 
< Azimuth or Vertical Circles, | 296 to 303 
Almicanters, or Circles of the Suns Altitude. 5 
a Jewiſh, intim and W Hours . 
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And therein of 


Places according to their 


All being performed Geometrically by Scale and Compaſſes , 


2. The Theory of t rh; and other Primar y Planets | 335 to 336 

3. Of the Motions of the Planets in their Elliptical Orbs 
 336ko 

: 4. Finding the true Place 6 Planck bs &r Orb 336 339 

5. To Calculate the Place of a Planet Trigonometrically 340 to 346 
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1. 'PL 41 N SAILING, Ye us Soil y a Plain Sen 
Chart: Aud therein, 0): By laying down upon a Blank Chart, - - 
0 ngitndes and Latitudes : (2) To find 
their Diſtances, Difference + Longitude, Latitude, Rumb and 
Diſtance upon the Rumb. (3) To 2 W ork a Travers, confifing of 
ma Courſes. With variety of Problems, uſeful in that Art. 


and by Trigonometrical Calculation 30g to 324 
2. Sailing by Mercators, or the True Sea-Chart | 3224 to 329 
3. Sailing by the Middle Latitude 329 to 331 
4. The ſeveral ts compared ESL 331 to 332 
8 EC r. vll. Of 4 STR 20 NO M r Theorical, 
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Pra Qical Geometry. 


HIS Firſt Part conſiſts only of ſuck DEFINITIONS, 
PROBLEMS and THEOREMS, GEOMETRICAL, 4 
which of Neceſſity ought to be underſtood and pra- : 
 Qiced, before farther Progreſs be made in any other EE 
Mathematical Science : And ſo I will begin It with theſe RS. - 


_ Geometrical Definitions. 


* A Point; is that which hath no Part. Les” i. 


Thar i is, it hath no Parts into which it may be divided It 8 
the leaſt ching that by Mind and Underſtanding can be 
imagined or conceived; than which there can be nothing 
leſs: As the Point in the Margin, noted with the Letter A 
over it: It being neither Quantigy, nor any Kart of Nan. | 
"rity; bur only the Term or Bao : Qrantiry.. 


. 1. 


l — 0 


* 
* 


85 . Ga Mathematics. | 


1 4 Line is a Length without — as - the Line At B. 
A— 


Unto Auantity there appertain Three Di menſrons ; VIZ. rank 


' Breadth and Depth (or Thickneſs ;) of which, a Line i is the firſt, 
and hath Length Touts: withour Breadth or Thickneſs 3 as the Line 


C D, 5 7 . 


which may be divided into Parts ; either r Equalh, in the Point E; 
or Unegually, in the Point E. 


III. The Epis, or Limits, of a Line, are Points G H. 


For a Line hath its beginning from a Point, and likewiſe 
endeth in a Point: So the Pointe G and H are the Ends of the 


Line G H, and are no Parts of i it. 


IV. 4 Right Line : is that which Heth Equally between its Points. 


Or, it is the Shorreft Diſtancè that can be drawn; between Point 


and Point; fo the Right Line G H, is the ' Shorzeft Diſtance be- 


tween the Ponte G and H. 


V. Parallel (or Eguidiſtant ) Right Lines are 1 which "OO 
drawn - vi the ſame Plain, and in ey 3 woul d ne- 
ver meet. | | 


And ſuch are theſe Two 4Aů— ͤ— ad — 
Lines, AB and CD. . | 


— 


VI 4 Plain thele js the Inclination (or Bowing ) of Two Right 


Lines, one 10 the other, and Fee * touching the uber „ and 
not being directly joined rogether. ® 


So the Two Lines AB and BC in lin one to the other, and 


touch each other in the Point B; in which Point (by reaſon of 
the Inclination of the ſaid Two Lines) is made the Angie ABC; 


But if the Two Lines which incline one to the other, do (when 


* 


they meet) make one Streig ht Line, then do they make no Angle 


at all: As the Lines D E and EF incline one to the other, and 


meet each other in the Point E, and yet they make no A4 X 
An 


* 


i, 5 


 inclining on either fide) is a Per pendicular: to the Line C D. 


IT So the Ang/e CBE is an Obruſe Angle, it being greater than 


Right Angle A B D, by the Quantity of the Angle A B E. 


Geometry treateth, but it hath Bounds or Limits: And as Points 


— 2 
4 . | 


= Geometrical Definition. © FJ 
And here Note, That an dngle r, * is noted with Three 
Letters, of which, the middlemoſt Letter ee the 
Angular Point; fo, in this Angle ABC, the Letter B de- 
notes the Angular Point. —And of Angles there are Three 
Kinds; viz. Right, Acute and Obruſe. 5 8 


VII. When a Right Line Fong upon a Right Line maketh the 
Angles on either Side thereof Equal, then either of thoſe Angles 
# Right Angle; and the Right Line which ſtandeth erefed is © 

called a Perpendicular Line 0 that Line upon which it ſtandethb. * 


80 POR the Right Line C D, ſuppoſe there do fiand another Eg. II. 
Right Line A B, in ſuch ſort, that it maketh the Angle ABC 
and A BD (on either fide of the Line A B) equal; then are ei- 
ther of thoſe Angles, ABC and A B D, Right Angles; and the 
Line AB, which ſtandeth erected upon the Line C D, (without 


VIII. 4 Obtuſe Angle ir that which is Greater than s 
„ Kight Angle > DOSES 


the Right Angle A B C, bythe Quantity of the Angle A B E. 
IX. An Acute Angle is that which is Leſs than u Right Angle. 
So the Angle EB D is an Acute Angle, it being Leſs than the . 


* A Limit or Term is the End of any thing. 5 
PForaſmuch as there is no Quantity (or Magnitude) of which 


are the Bounds or Limits of Lines, ſo Lines are the Bounds or Li. 
mits of Plains or Super ficies , and Plains (or Superfictes) of So. 4 
lids (or Bodies.) Ty 85 A I 
XI. A Figure #5 that. which is contained under One Term, | 
. or Limit; or Many. ; __ A 
So A is a Figure contained under one Line or Limit: B is a Eg. III. 3 
Figure under Three Lines or Limits: C under Fur: D under Y 
Ee, c. which are their reſpective Bownds or Limits.  ' _- b 
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XII. A Circle 7s 4 Plain Figure contained under One Line, which 

s called a Circumference or Periferie; unto which. all Right 

Lines drawn from one certain Point within the Figure unto the 
Circumference, are equal one to the otbe. 


So the Figure BC D contained under One crooked Line, is a 
Circle, whoſe Circumference or Periferie is BCD. In the mid- 
dle whereof there is a Point A, from which all the Right Lines, 
AB, AC, A D, being drawn to the Circumference B C D, are 

a And that Point A is called the Centre of the Circle 


XIII. The Diameter of 4 Circle is any Right Line drawn through 
the Centre, and ending at the Circumference on either Side, 
dividing the Circle into Two Equal Parts. | 17 


So the Line EK F is a Diameter, becauſe it paſſeth from the 
Point E of the Circumference on the one Side, to the Point F on 
the other Side; and paſſeth alſo by the Point K, which is the 
Centre of the Circle: And moreover, it divideth the Cirelèe into 
Two equal Parts, viz. into the Part EG F above, and E H F 
below, the Diameter; which Two Fare termed Semicircles. 


XIV. A Section, Segment or Portion, of a Circle, zs 2 Egure 
contained under one Right Line, and a Part of the Circumfe- 
rence; Greater or Leſſer than a Semicircle. . 


So the Right Line L M divideth the Circle EG F MH L. in- 
to Two 15 Sections; namely, into the Sedlian LG M above, 
Greater, and the Section L H M below, Leſſer, than a Semicircle. 


XV. The Semidiameter of a Circle, is half of the Diameter 
. , that Circle. 55 5 


So K E or K F are Semidiameters of the Circle EGF H: And 
ſo is any Right Line drawn from K the Center to the Circumſe- 
rence; which. Lines are frequently called the Radius of the Circle. 


XV. Right 


U 


Wanne 
/ 4 


As for the Differences of their Sides, they may be, (1.) All Equal, 


have all the Arg/es Acute, as the Figure R; all whoſe Angles at 


alſo. For, (1.) If all the Ses be Equal, and all the Angles Eg. vie. 
Right Aneles, as the Figure O, . ſuch a Figure is called a Qua- 
_ drat or Square. But, (2.) If of the Four Sides, Two belonger than 
the other, each to. its Correſpondent (or Oppoſite) and the 42 
 gles all Right Angles, as the Figure P; ſuch a Figure is called a a 


. (3-) If all the Sides be. Equal, but the Angles Unequal, that 
Figure R) ſuch Figure is called a Rhombus or Diamond Form. 
ny Two Sides Shorter; a alio 1wo Angles Acute, and Troo Obtuſe, 


+45 * F to - * 3 8 * „ * 5 
, = 4 25 Kone * * 
OM INS 8 * © EPS wh 


XVI. . Rist Lined 8 are a Fig gures as are contained: R 5 q 
der Right Lines; *of which none can 25 of lefs 82 n e 
and thoſe are called Trilaterals, o- Triangl 8 


And Triangles are denominated partly from the Differences 
of their Sides, and partly from the Differences of their Angles : 


and ſuch a Triangle is called an Equilateral Triangle, as the Eg. ve" 6 = 
Figure N. Or, (2.) Two Sides may De E qual, and the third un- | = 
equal; and ſuch a Triangle is called an I oſceles Triangle, as the 
the Figure O. Or, (z.) All the Three Sides may be unequal, and 
ſuch a Triangle is called a Schalenum Tri angle, as the Figure P. 
And theſe are the Piſtinclions in relation to their Sides. 

Now for the Diſtinction of Triangles in relation to their Angles, 
they are Three alſo: For, (1.) If a Triangle have One Right Angle, 
it will have Two Acute ones, as the Figure Q, where the Age 
at A is a Right Angle, and the Angles at B and Care Acute, and 
ſuch a Triangle is called Orthoagonium. Or, (2.) If the Triangle 


D E and F are Acute; ſuch a Triangle is called an Oxagonium 
Triangle. Or, (.) If the Triangle have One Obtuſe Angle, as the 
Figure 8, whoſe Angle at I is Obtuſe, and the other To at G and. 
H are Acute ; ſuch a Triangle is called Ambligonium, And theſe 8 
are the Derominations in relation to their * | 


XVII. Of Four-ſided Fi igures 0 or Quadrilaretales ) 4 Quadrat, or. - 
Square, 7s that whoſe Sides are Equal, and Angles Right. 


And as Triangles have their various Denominations from the . 
Species of their Sides and Angles, fo have Quadrilateral Figures 


Parallelogram, or Long Square, (and ſometimes )a Refangle, But, 
is, Two Acute, and Two Obtuſe, each to his Correſpondent (as the 
Aud farther, (4.) It ſuch a Figure have Two Sides Longer, and 


en 


6% Cu, Mathes © 
1 each to it oppolite correſponding, as theigure Q, ſuch a E. 
gure is called a Rhomboyades, or 'Diamo like Figure. But, 
0 (F.) If Auadrilateral Figures have all their Si der, and all their 
a Angles, Unequal, as the Figures S and T; ſuch Figures are called 
T,ecpecia, or Table forms. „ 
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PROBLEM I. 


Ty divide a Right Line A B, into To Equal Parts A E and. 


* 


BE, and at Right Angles. 


Practice. L, Open your Compaſſes to any Diſtance greater H 
| : F 6M half the Length of the given Line A B. at 8 
2. With that Diſtance ſet one Foot in A, and with the other 
deſcribe the obſcure Arch 6b c, —and (with the ſame Diſtance) 
One Foot ſet in B, with the other deſcribe the obſcure Arch de, 
croſſing the former Arch in the Points C and D. * 8 
3. Through the Points C and D, draw a Right Line C D, 
which will divide the given Line AB into Two N Parts in 
the Point E, and at Right Angles. The Angle A E C on one 
Side thereof, being equal to the Angle CE B on the other Side. 


Upon any Point (ar O) taken in the Right Line a R; © 
o erect 2 Perpendicular O8. 8 


Pradlice. F. Open the Compaſſes to any ſmall Diſtane; 
CI L and ſetting one Foot in the given Point O, with the 
other Foot make Marks on either Side of O, as at T and V. 
2. Open the Compaſſes to any Diſtance, greater than the for- 
mer; and ſetting one Foot in T, with the other deſcribe the Arch 
b h. —Alfo, with the ſame Diſtance, ſer one Foot. in V, and 
with the other deſcribe the Arch g g, croſſing the former Aich 

bh in the Point S. i 3. Dr 


3. 7 bl. 


— 4 
; ? 


= . XI. Profice F. 


SS - 


given Line QR. „ 8. 
k. R OB, ti + 


;. Draw the Line 0 5, 


— * . 


Chis Mute es” 
and i will de ereus, 6 to't b the 8 


Li 
33 


. i. 


ven ie kad fe 2 Line X 2. to rell 2 Perpendiclar 2 A. _ 


Preflce. 


ſtance, ſet one Foot in 


aft, The Compaths being opened to any. ſinall Di. F 
„and with the other de- 


ſetibe the Arch B CD, and upon it ſer the ſame Diſtance from B 


to C. 


and from C to B. 


2. The Compaſſes Kill continuing at the ſame Diſtance; te 


one Foot in C, and with the other deſcribe the Arch F D: Alſo 
ſet one Foot in D, and with the other deſcribe the Arch CE, cut- 


ting the Arch D Fin A. 


3. From Z draw the Line 2 A wh ich will be Perpendicgla 


to the Line X Z. 


P K O B. IV. 


Another Way to creft a ; Perpendicular upon the End if a Lies. 


ft, With — ſmall Diſtance of the Compaſſes fe 
one Foot in H, and with the other deſcribe the Arch 


I K, and ſet that ſame Diſtance from I to K. 


2. Upon K (with the fame Diſtance) deſeribe the Arch IL 


MN 


8. M, and from M to W. : 
4. A Line drawn from H, through N, ſhall be Perpendicular to 5 


the Line GH. f | 


Te: XII. I. PH 


A Third Wap. 


Upon this Arch ſet the fame Diſtance from I to '# From : 


HE Compaſſes opened to any ſmall Diſtance, ſet one 
Foot in O, and pitch the other Foot down at Pleaſure, as 


at Q; and one Foot reſting upon Q, turn the other Foot about, 
till it croſs the Line P O in 8, and alſo deſcribe the ſmall ACh: 


5 a. 


2. Lay 2 Ruler from S to Q, and it will cut the Arch b. ain R. 
#5 A Line drawn from O, W wy 1 be a Perpendic wular 


— 


* . 


ro 
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4 fy 7 3 5 * 4 * 
2 
Sp RIS" © 3 0 2 
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bes 4 ien Point nw . ip. 662 
4 given Right Line under + 


F N the Performance there are Two varieties: For, (1. ) The 


glven Point may be ſcituate over (9 or 0 the Middle; ; Ob 


oven 49 or Ga the: Tad of the given [ Line 
Te 1 the Eirft Ca. 
Ss ET NO be the Right Line — RY” let p be 


zs to be let fall. 
1. Open the Compaſſes ts a Diſtance” greater than is the near 


- fa wor 


the Point above, from whence the Feeder 85 


eſt Diſtance between the Point above P, and the Line upon which 


the Perpendicular is to fall; and with that Diſtance, {ſetting one 
Foot in P, with the other deſcribe the Arch of a Circle, which 

will cut the given Line, in Two Points, Rand 8. 
2. Divide the Space between R and S (by the firſt Probl, ) into 


| Two equal Parts in the Point Q, then will a Right Line, drawn _ | 


from P to Q, be Perpendicular to the 5 Line NO. 
Note, To avoid the dividing of the Space between R and S in- 
to Two equal Parts, to find the Point Q, (if you have room 
either above or below the given Line) you may ſet one Foot 


Fig. vn 


of the Compaſſes in 8, and opening the other to any con- 
+ venient Diſtance, deſcribe an Arch 5 y; and removing the 
8 to R, deſcribe the Arch 2 E, croſſing the former 


in A; and ſo, a Line drawn from A, through the Siven age 
hall 'be Perpendicular to the given. Line N O, 


I be Second GPs wn 198 e e 


"EE the V be the Point given, 
Pralle P. From any Part of the given Line N . 
T, draw a Right Line to the given Point , which 

divide into Two equal Parts in X. : 


* 55 


OT, cutting the given Line inQ, 


A Ie to V, it will te wi A cular to N O. 
„ PR OBT. 


2. Set one Foot of the dale - alles 1 K and with . Diſtance. 
> ſhall O be the Point in 9 Live N O; from which, ifyoudraw: 


ROB w. 


Unto a given Right Line p Q, to draw hs Right Line 8 - 
which ſhall -be Parallel 19 it; and at "the 3 Ll the Ei- 


ven Line M. 


i. XV | Prallice. Ir Take i in your 'Compalles the Len th of th the given 
F e of Diſtance M. 8 g 
2. Set one Foot in O, (near to one end of the give Line P Q,) 
and with the other deſcribe the Arch 2 4. Alſo, upon the Point 
55 (op the other end of the given Line) deſcribe the Arch 
1 
3. By the Convexity (or Tops) of thoſe Two Arches, if you 
draw a Right Line S T, it will be Parallel to the 25 Line 
P Q, and at the Diſtance of the Line M. ' 


RO B. vn. 


To a given Line V W, to draw another Right TOR * A, which 
Hall paſe through a gr ven Point R, and Farallel, % V W. 


Þg XVI. Proffice. Fil. Set one Foot of the Compaſſes i in the given Point 
and with the other deſcribe the Arch cc, ſo that 


it may only touch the given Line V W; and with the ſame Di. 
ſtance, ſet one Foot in any Point of the Line V W, as at R, and 
with the other deſcribe the Arch d d. 

2. A Line drawn through the given Point R, by the Convexi- 
ty of the Arch d d, as the Line YR A, that Line hall be a Pa- 
Fane to the Line V . 8 


PR OB. VIII. 


4 * Way 0 draw a Line Parallel to a given Line A B, which 
; Hall paſs through 4 groen Point P. | 


| Praflice PF"; „, With the Diſtance P A upon the Point B de- 
| ſcribe the Arch ee. 
2. With the Diſtance AB, upon P, deſcribe the Arch f 5 croſ- 
f ing the Arch ee in the Point C. 5 
3. A Right Line drawn from the Siren roi „ 5 C, 5 
| ſhall be Paralle to the Bien 8 4 B. | TA | 


3 . PROB. CY 5 5 
"To make an Angle DFE, equal 104 given le AB B 0 


Rice. LI Upon the Angular Point B. at an Diſtanc de. FE 
25 7 F 2 an Arch 7 Then, b * a, 


2. Having drawn another Line, as F E, upon the end F aim 
the ſame Diſtance) deſcribe the Arch bb, © 
3. Take the Diftance g gin your Compaſſes, and ſet it from | 
5 to 5: Then, 
_ . 4. A Line drawn from F through b, as F 5 D, ſhall make the 
Angie DE E equal to the Anglc ABC. & | 


'P R 0 B. X. 
To 45 vide 6 an r Angle GHK into Tro Equal 10 


= Pratice. Ir, pon the Angular Point H (with any Diſtance H Ig. XI. 
| F ch the peo the Joy ) deſcribe an Arch cutting the 
Two Sides, containing tlie Angle, in the Points h and s. 
2. THe Com paſſes opened to the ſame (or any other) Diſtance, 
ſet one Foot in 4 and with the other deſcribe the Arch & ; and 
(with the ſame Diſtance Y. one Foot ſet in s, deſcribe the Arch i 55 
croſſing & & in the Point * 
3. Join H L, and fo is the Angle G1 H K divided into Two 
K+ ha by the Line HL. 55 1 


[to PROB. AX. 


Hou 170 vice a given Right Line M N, into any Number 1 0 
| Equal Parts: e Five. „ 
Profiice; I From one end of the given Lins as N, Ho the 
Fi ine NO at Pleaſure, making the Angle G NM. EE. 0. 
2. Upon the Point M (by Prob. IX.) make the Angle N M Pp 
equal to the Angle ON M; or (by Prob. VIII.) through che 
Point M, draw the Line MP Parallel, to the Line ON. 
— Wich any ſmall Diſtance of the Compaſles, one Foot. be. 
ing ſet in N, run over Four of thoſe Diſtances/up this Line & -.7 
at ine Points 15 2, 35 ang like upon the Lin — aver 1 IX. 
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XXII. 


N ratte. 


N 4 . 2 b * 1 IS * 3 1 O's * 1 _ ©. * 
Ly 1 als „ 5. . ( 
— a Y 
2 I 


4 If you draw. the altar Lins - 1 4, 2 30 . 2, and 47. 
they will croſs the given Line M N in the Points d, c b, * di- 


vid! ing it into Five Equal Parts, as was N eg 
r rROB. XII. Fs +. 


"T7 mite an Eau ilateral Triangle AB Q 5 8 Sides Naa 
- be Equal to 4 1 Line O. | 


Praffce Ake the Side BC equ val to the given Line O, Sa 
VI with the ſame Diſtance of the Compaſſes, ſet- 
ting one Foot in B, with the other deſcribe the Arch 2 ; and 


ſet alſo on C, deſcribe the Arch / /, croſſing the former Arches 
in A: Then join A B and A C, fo have you conſtituted a Tri- 
angle ABC, whoſe * Sides are * equal to the EI 


Line d 
ROB. XIII. 8 


To 41. a Triangle G H K, whoſe Three Sides /hall be e 70 
. the Three eiven * Lines D, E, F., 


Proflice. Pp? Make the Line G H equal. 10 the given e Line | 


2. Take the given Line E in 83 — —— 
our Compaſſes, and ſetting one EK ꝛy - 
oot in H, with the other de- F- — — 


Kribe the Arch 8 : 
2. Take the Line F in your Coppa; and ſerting one __ | 


in G, with the other deſcribe an Arch 0, crofling the former 


"Arch in the Point K. 
4. Join GK and H K; fo ſhall you have conſtituted a Trien- 


ole whoſe Three Sides G H, H K. and & K, are > Bugs to the 


Three given Lines D E and . 


To- nabe a Gen 8 B c D E, _ Sides Jl be 
| yu to the Liver Line A. „ 


F Make the Line B c for one Side of the 1 


— to the * Lire 5 and on. u Bd thereof, WO 
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18 1050 Gy Prob. W.) « creft the Perpendicular D, cquals alter to. . 
the Line A. „ 
2. With the ſame Diſtance of 1 ſet one Foot in B, and wb 
the other deſcribe. the Arch 9 4, and on D, and deſeride the | —_ 


Arch & l, croſſing à 6 in the Point E. 
3. Join B E and D * Which will cooſtiate the Samui 


Sphre COOK. 
Rs PROB. 1. 


1 „ ˙¹1 w Lee ES ih 
Length and Breadth ſhall be equal to Iwo given Lines E ond F. __ 


Praffice. PF, Make the Line G H equal to the given Line F. Fe. 
and on the end H, Oy 49 V. exect the Perpen- XXIV. 


diculr H I, equal to the given Line E. 1 
2. With the Diſtance of the Line F, ſet one Foot in 'G. and. 0. 
with the other deſcribe the Arch gc; and with the Diſtance E 
the 1 F, with one Foot in I, deſcribe the Arch d d, croſſing 2 
cc in — 
23. Join I K and G K, and Fr have you formed the Parallelogram.. 
ee S to een 3 2] 


RO XVI. W 
| To eee bonnes MNOF; why ur Sites a be equal: 2 


10 4 e Line L. 


bn lie. Pos Make M N, 0 2 one Side of 1 Rhombus) e- Fi I g . : 3 J 
| qual to the given Line L, and with that Length, ſet XXV. 1 

ons Foor of 2 Compaſſes in N, and with the other deſcribe the a YN 
5 kom 25 5 See Diſtance upon, this. arc, m N 10 0, 454 9 


166: 18870 + 41 Fr 5Þ 4140. 


3. Lein MO, OP, and P N, 'D ſhalt; vou have: conftiemed a- 3 
bie, whoſe Four eee are een ele adm „ 
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= 75 .  Clavis Mathematice. 
I *FROB, 20. 


Two given Lines A and B; and the Acute Angles thereof C and 
E, equal to a given Angle & WE: 


% to the Line B. 


to the given Angle Z; and the Side C F equal to the given Line A. 
"3, Upon the Point F, (with the Length of the given Line B) 


ſcribe the Arch g g, croſſing h h in the Point E. 


yades, whoſe Sides are equal to the Lines A and B, and its Acute 
Angles C and E, equal to the given Angle Z. Fs 


PR OB. XVIII. 


To make a Trapezia HI K L, (or Figure of Four unequal Sides) 
 ewphich ſhall have one Angle at I, equal to a given Angle G; 
and the Four Sides equal to Four (poffible) Right Lines given, 

 _ viz. to the Lines O, D, E, F. N 1 5 


XXVII. rapezia) equal to one of the given Lines, as O. 

| 3 Os Angle G, making-the Side K I equal to the given 

| 3. Take another of the given Lines in your Compaſſes (as the 
Line E) and ſetting one Foot upon H, with the other deſcribe the 


\ 


Arch & I; alſo take the fourth given Line F, and ſetting one Foot 


= of the Compaſſes in K, with the other deſcribe the Arch i m, 


=_ croſſing & & in the Point l. 


4. Join HL and K L; fo fhall you have confiirated A Trepe- 
1 F; and one of the Angles, vi. I, equal to the given Angle G. 


1 


Io make 2 Rhomboyades C D E F, whoſe Sides ſhall be equal ta * 

by, Practice. F Make the Side of the Rhomboyades C D equal 
NI N 5 
2. On the end C, (by Prob. IX.) make an Angle F C D, equal 


deſcribe an Arch h h; and upon D, (with the Diftance A) de- 
4. Join F E and DE, and ſo have you conſtituted a Rhombo- © 


Ez. Profit. Fu Make the Line HI (for one of the Sides of the 
2. Upon the Point I (by Prob. IX) make an Angle HI K equal 


— — en 


ela, whoſe Four Sides are equal to the Four given Lines O, D, E, 
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"PROD. MK. e 


To 2 4 „nee AF CG, into any N. umber of Equab Pants; 
not exceeding, Ten. 1 


|Praftice Fos Deſcribe any Circle, and av it with Two Dia- 


| Angles (by Prob. I.) in the Centre E. 


the Third Part of the Grele. - 
3. Join A and F; ſo will A F be the Fourth Pare. Y 


FI; which FI is the Fifth Port, 
7 BY EG, E A, E C; either of them, are the Sixth Part. 


H Dor H B are the Seventh Part. 
* 45 a Line from the Centre E through the Point M. ex- 


1 it to K; join K A, which be the Eight Part. 


join S D, which will be the Nitth, Part. / 1 
9 ETis the Tenth Part. 1 3 
E. R 0 B. XX. 


which Shall paſs through all the grven Points A, B, C 


ints, as in A, and extend the other Foot to ano- 
ther of the given Points, as to B, and on A, with: the Diſtance 
A B, deſcribe an Arch of a Credle GF D. 


Points D and E, and through them draw the Right Line DB. 


(being ſtill open to the former Diſtance) and with the other Foot 


the Feim O, which is a Centre; on which, * 


4 


,, . 
1 8 
3 . 

9 

So R 

LAS ts 

- 1 8 8 * 
0 . 
. Fl 

oe - 


2. Make A Band A D, equal to E F, and join ; D; ſo is BD 


ivide the Arch DAB 10 Three Equal Parts at 8. and 


To any Three Points given, A, B, C, ( e are vor in one Rig be 
Line,) to find à Centre O, upon which a Circle * 1 ele A 


Praflce Fi i, Set one Foot of Compaſſes i in one of the given 
0 


2. The Com paſſes open ſtill to the ſame Diſtance, ſet one 
Foot in B, and th the other Foot croſs the former Arch in the 


Fig. 


ters A- C and FG, croſſing each other at walk XXV J. 


4. Upon H, and Diſtance H F, deſcribe the Arch F I, and join 


XXIX. 


3. Set one Foot of the Compaſſes: in the third given Point C, 


croſs the Arch firſt drawn in the Points F and G, through which 
Points draw the Right Line F G, which will cut the Line D E in 


Equal Parts: ns tba 
Pratfice. ET GBHD be a Primitive Circle given, at , 


through C, draw the Diametre 


Third Point, viz. R, through which the Arch of the Great Cir- 


vide the Primitive Circle into Two equal Parts in the Points A 


through e all of them. 


Definition. A Great Circle of the Sphere, is ſuch 3 Cirtts as *Y 18 


be X and . 


"lk Ma x 


. If you ſet one Foot of the Compal, ia 8 the other 
to * of the Three given . the Circle ſo deſcribed ”- "ON 


1 15 


PROB. xxI. 54 


"Two Points X and v. "wiihis the Circle ABD being eitel, 
find the Centre of the Arch of a Great Circle A XY I 
ſhall paſo through thoſe Two given Points X and Y. | 


how Ie 
, which 4 


. videth the Sphere or Globe into Two Equal Parts , 
and ſo the Arch of a Great Circle deſcribed upon a Plaix, is ſuch 
an Arch as divideth the Periferie or C ireumference of the Funda- 
mental or Primitive C rele, within which it is deſcribed, i into ia 


exe 5 .*%» 


Centre is C, and fer the Two Points within the 
ſame (through which the Arch of the Great Crele \ is to paſs) 


Erft, Through one of the given Points, as X, and the Centre 
CG -o we a Right Line X CE, extending it infinitely towards F. 

Secon pon this Line, from rhe Centre C, ere& the Perpen- 
dicular 1 0 B, and from B, throu = NR, draw B XG; and from G, 


Thirdly, Through the Points B - H. draw a Right Line, ns 
tending it till it cut the Line X C F in R, ſo have you found a 


cle muſt paſs: And now,. arr, 5 Three Points, X X and R, 
you may through them (by the laſt Problem) draw the Arch 
AX LR, whoſe Centre will be at K; and "tis Arch doth di- 


and L: And that it doth ſo is evident; for that the W Line 


drawn from Aro L, doth paſs through the centre Co... FL 


mote from the Centre C of the Primitive Circle, notwithſtand- 
ing (in all Cafes) the Work ny; be . without _ 


A Compendium. | 
I: will . fall out 1 the third Point R will fat very re- 


at all. 


— 


* 


And to find that Point, N 
Divide the Line ſuppoſed between the Two given Points, X 


and V, into Two Equal Parts at Right Angles, and that Line ex- 


deore. 


— Se tris. td r S 3 RE; Wd 
We os 8 "*, 3 wine PP hr 8. 8 
7 2 9 


„ MY t -P R 0B. XXII. * NE 
x Aber a Triangle B E b. to dſerite Circle. 
4 raue. F (by Prob. 10 Divide any Two of the Sides of Eg. 
FO the Triangle, as DE and D F, each into Two equal . 
Parts, at Right * in the Points G and H; through which 
2 Points the Lines & & and 2» m being drawn at Right Angles, will 
10 croſs each other in the Foint O, which will be the Centre of * 
- Circle, 
) r RO B. XXIII. 
0 Within a Triangle G H K. 10 Inſcribe a Circle. 
4 rale Tvide any Two of the Angles of the given Elan Fig. 
b gle, as the Angles at & and H imo? Two equal "Xn 
| Parts, (by Prob. "5 by the Lines H O and GP, croffing each 
* other in is Point ©, for that Point ſhall be the Centre upon 
4 which the bet, Grele that the e is __— to receive 
. muſt be de | 
i 8 
5 8 
e | 3 
5 


* en * R | ; . * - 
A F 4 — - — 1 K — ; f ” | 
Me - * 5 
* . 55 14 V7 
5 "5 Bs \ 
* 2 +. . 2 7 N = * * 2 
5 om 2 lemt. RY 


| Having found the Points E and G, as before; take the Diſtance 
B, — fer it upon the Grele from G to F. and from F let fall 
> Perpendicular to CE, as F O, extending it 0 if Need be) infinite- 
y towards M; for in ſome Foint 85 80 Line will the Centre 


ended: wi © cut 8 Line O M i in the = Wi here i in * as 


xo. We Lines LM and N O, doth make the 9 ak 
| s the Angle P R M, . * NS Q; and 25 
equal to Gs O, Elen. L. 1. P. 28. | 


Fig. 


I XXVII. Lines V, X, X, Z. I ſay. then, the inter Segment Ra and R; 


95 


Ek. 


III. F Two Right Lines be ES plied into one- r there i is. 15 


. Lines A and B, a rectan * Parallelogram be made, it will be 
each by other, the Product will be 63, ar ſo many little Para/- | 


Gs D E F. 
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1 4 Ri 158 4 10 7 Tito Parallel Ri Lines, it 
Ke * maketh the Alternate Angles a ; 


0 the. Right Line P Q, falling upon the Two Parallel Right 


1 divers Right Lines be cut by Ah other Ri 1 Lines. which; 
are Parallel one to the other, the Segmen ts are Proportional. 


Let the Two Lines RS and R T: 'be cut by the Four Parallet 


as alſo iT and. b'S, are proportional one to the other: For if R 4 
be one third Part of R I, K 5 ſhall be one Third of R S, Oc. be- 
cauſe the Right Line 4 4 cutteth off one third Part of the Space 
A VT Z, and therefore it cutteth off a third W from. e 
Line drawn within that Space. N | 


made of them a Right Angled Farallelogram. 


Let the Two Sides to be multiplied be A 7 and B 9. If of the „ 
ſuch a Figure as CD EF: Or, if A7 and Bo, be mulriplied 


lelograms are there conta ined. in the * nnn, ö 
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v. If Two Rectangled Figures, be made of One of the Sides of 1 
Figure, and of any. Two Segments of the other Side of the ſame 


to that Figure, 


So if the Parallelogram G LIM 
a Segment of the. other Side; namely, 4, that Parallelggram ſhall 
produce 36, for 9 times 4 is 36. And if another Pera/lelogram 
{hall be made of the whole Side B, and the other Segment of 
the other Side A 7, namely, 3, they will produce the other Para/- 


Saha 36 and 27 added together, do make 63 equal to 
the . 555 | Do Po, | | 


V. If Four Right Lines be proportional, (that is, as the firſt is to 
the ſecond, ſo is the third to the fourth ) the Right-angled 
Figure made af the Two Means, (or Middle Terms) Hall 


Terms. 


| Let there be Four Proportionals; .as N 

ſay, that the e Figure RS T V. | 

Meant, O 6, and P 8, ſhall be equal to the Refang/ed Figure 
X YZ A, made of the Two Exireams, N 4, and Q 12: For, 


* times 8 is 48, ſo 4 times 12 is 48 alſo. And from hence wi 
follow EE In „„ 
5 Ze NEBEN 


_ them be given, the Fourth is alſo given. For, 


by one of the Extreams, the Quotient ſhall be the other Exrream. 
As the Redangle Figure, made of the Two Means 6and 8, is 


Quotient 12, for the Greater Extream.— Or, if the proportional 


gle made of the Meant 8 and 6 would be 48; which divided by 


N 5b | 
L - 4 * 


Leſſer Extr ce. : 


$ 


_ RN 
N — 
— 


lelagram LH M K 27, for 3 times 9 is 27: And theſe Two . 


be equal to the ReQangled Figure, made of the Two Extream 


. 


If Four Right Lines (or Numbers) be proportional ; if Three of - 
The Refangle Figure made of the Two Means, being divided 


48, this divided by 4, the Leſſer Extream, ſhall give you in the _ 
Terms given had been (by Tranſpoſition) 4, 8, 6, 12, the Rectan · 


12, the Greater Extream, would give in the Quotient 4, the 
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che: 


Figure; thoſe .T wo Parallelograms added together, ſhall be equal - 


be made of the Side B 9, and 


4 Os, P 8, Q. 12. . Fig. 
„ made of the Two XXXVI. 


Class ee 


1 CONSECTART u. ; 
Hence alſo it followeth, that equal Rectangled Fares, have their 
- Sides reciprocally proportional: That is, > 
Fiz. as the Leſſer Side of the Firſt Figure, is to the Leſſer Side of 


XXXVI. the Second Figure ; fo is the Greater Side of the Second, to the 
Greater Side of the Firſt; & Contra. As in the Equi-refunguler 


8 RST V, and XX Z 5 appeareth: For 
0 is 7 


. : wo N 


80 12 
Or, 0 XI ite RT. A8. to K 2 
4 6 > 12. 


VI. If Tree Lines or Numbers be proportional, (that 7s, as the 
Firſt is to the Second, Lies the Second be to a Fourth ) the 
Square made of the NS, 2s. As 70 the Oblong made e | 


the Extreams. 
As let the proportional Numbers be 4 * 8 8. the Proportion 
will be 
As. 4 : is to: 8: 8 b 8 to 16. 


So the Square of the Two Mears 8 is c. So alſo the Oblong 
made of the Two Extreams 4 in 16 is 64 alſo. 


VII. Iz a Plain Triangle, a Line drawn Parallel 70 the Baſe cut- 
teth the Sides ther 2 proportionally. _ 


K As in the Plain Triangle RTS (in the Scheme of the Second 


XXXIV. hereof if cd be Parallel to the Baſe T 8, it cutteth off from 


the Side R S one third Part, and it cutteth from the Side R T one. 


third Part alſo: And fo * ſhall be proportional by the ſe- 


cond hereof. For, 
As R T to RS:: So is Re: to Rd And 


As RT: wo r % ( 
RAI: : So is T : t0 48. 


vn. If divers plain Triangles be compared together, Al Equi- 
_ angled Triangles have the Sides about (or containing) the E- 


qual Angles Froporti ona: And the comrary, Eucl. Lib. 6. P. * 


| dor Illuſtration, 3 
Fig. (1. Let A B C and A D E be Two Plain and Equiangled 


n. Trans 80 that the Angle at B and D, at A and A, 2 
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dent: 1 fa Yo the NES _— the. Equal . are 18 ; 

Be For, „„ 1 * | | 

ds: ets. E ABB E 
: : to 


2. As A B: is to A n A B: to BF. 
3. A8 AC: sto CB: 80 8 4 2 to E 


DEMONSTRATION. 


(2.) Becauſe the Angles BAC-and DAE are equal, there- 
fore if AB be applied to AD, then A C fhall of Neceſſity fall 
in A E; and by ſuch Application ſhall ſuch a Figure be made. 
in which Figure, becauſe that AB and A C do meet together, 
and alſo the Angles at Band D, and at C and E, are Equal, 

therefore the other Sides B G and D E ſhall be Parallel, (by the- 
firſt bereof ). But in a plain Triangle a Right Line, Parallel to 
the Baſe, cutteth the Szdes Form (by the ſeventh ores) 75 j 
therefore in the Triangle A D E, the Right Line B C being Pa 
rallel to the Baſe D E, cutteth the Sides A D and AE proporti- 
onally ; and therefore 1 it follows, that 


As AB: is to AD: : is AC: to A E. 


(3.) Again, By the Point B le the Right Line B F be drawn 
patallel to the Baſe AE, and it ſhall cut the other TWO Sides 
DA and DE proportionally in the Points B and F, (OF the laſt 
bercgf) and the Proportion will be 


As AB: A D:: F E: DE; or, 
e A D:: BC: D E. 


For F E and B C are. E Equal, 2 * the ſecond tereo ) And: 
fince it is that, | 


ASAB:AD::AC:AE. 
And ſo B C to DE, they wal alſo b, 
"2. AC Ane 


F. or thoſe Too Things, which are agreeable to a third Thing, are-- - 
EY one to another: "FI it n y kth — 


& 


9 + a * TEE a 2 * 9 I 47 EN 200 2 * & 
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Py nd ns it is demonſtrated, that all Plain Equiangled Tran 
ges (as theſe, A B C and ADE are) have their Naar com- 
Prehending their Equal Angles, Proportional. 


IX. I ſeveral Plain Triangles, ( how many 3 ) be compound. 
Hf and be cut by Farallel Right Lins the Inter. e are 
. a Rs. 


Ke. if the Two. I. riangles H FI and IF K be compounded, and be 
XXXVII. cut with the Parallel Lines G LM, and H 1 K, their Inter. 


Segments are proportional. For, 8 


L HI: : LM. Ik. or, 
GL: LM: HI: IX. by 


dens” 
(by the ſecond and ſeventh bereof) For the Tri aer FG L and 
F HI are Equiangled, (by the firſt bereof ) becauſe GL and HI 
are Parallel: Therefore, 


rer. er 


4 00 the ſeventh hereof) but ( Z the ſame ſeventh hereef) | 
F: LI DE 


| And, thoſe that are agreeable to a third, are alſo agreeable be- 
tween themſelves. . 5 . 


As GL: HI: :LM: IX. 


X. if any one Side of a Plain Tr angle. be e the aint 
Angle made by that Continuation) is equal 10 the Two mnward 


 and-oppoſire Angles of the ſame Triangle. 5 
If, in the Plain Triangle NO P, the Side N Pbe tou to 


X. Q; che outward Angle O P Q ſhall be equal to the Two inward | 
Pte ONP and — For, If 


Ree 


E ˙ EE nl, ORE 32 a 


* 
* 
T 
A 
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ö 
1 
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F Gs LH” * — 


—— 


FER — — "it * 


— — 


NO, the outward 


XI. "The Three Avgles of ce Plain x or Right Lined ) Triangle, 


_ rentb) I ſay, the Three Angle N OP, 0 P N. and O N of are XXXIX | 


to the Three Angles, meetin gu the Point P, upon the fame Right 


XII. In every Right angled Plain Triangle, The Se made of tbe 


| wy ln, the Sides ST and T V, 3 the Right Angle ST V, 
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If from. the Point P. 4 roy Lin P * be drawn PR 

Angle OP Q ſhall} be compounded of the 
Angles O P R, an RP Qs but the Angles R QandRPO, 
are equal to the Two inwat&Angles ON P and P. O N: that 
is to ſay, the Angle RP Q to the Angle © N-P, and the Ang le 
OP R, 1⁰ the Angle NO, N Hereof) becauſe of the : 
the Parallel: N O and; F R; and therefore the Angie OP Qis 
equal to the Two inward and e n 9 N P and NO P: 
Which mor. le oy, + ; 


are equal to Two Right Angles. 
As in the Plain Triangle N OP (in the Diagram before of the Fig. 


together equal to: Fa Right Angle. 

For the be Riots en many ſoever) meeting in One bene, inbne | 
and the ſame Line, are equal to Two Right An les. | 

But the These 2 NO, OP N and ON are equal 


Line NQ For the Age O N is common to both, and the 
Angles RP Q and NO PC 6 the laſt.) Therefore, the Three: 
Angles NO FO N and G N P, are Ii 19 "Two: wl, 
15 And fm hence: 'will-follow the 


CO ROLLARIES 


I, That there can be but One Right, or One Obtuſe, * in 3 
any Plain Triangle. . 
be 7 And if, One Angle. be Reh, or Obrafe, the other Two. ſhalt WO 

ce, _- 

3. That the Third Angle of any Plain Triangle is the cumple _— 
ment of the other Two to Tivo Right Angles. _ 

4. That if Two Triangles be Equiangled in any Two of their 
Angles: they are wholly Eguianęled. 8 


Side which ſubtendeth (or 7s oppoſite to) the Right Angle, hall 
be Equal to both the Squares, which are made of the Two Sides 
which Jubtend the Right Angle. Eucl. Lib. 1. Pr. 47. 


As in the Plain Rig br-ang led Triangle ST v. Right. angled at Rg. XL. 


are 4 1 4 


_ 


| e 


* 


c lavis 2M © EGS 


are equal in Power to the Hypotenuſe VS; that e o res 
of the Sides S T and T V; namely, the Squares S | 
VTBC, added to gether, are equal to the ö of the Hp 


and 


tenuſe VS; to wit, the Square X YSV. 
For, if from the Right Angle at T, be let fall the Per ade 


lar T A Z, then out of the Square XY VS is made Tio Ref- 


axgled Figures, ASYZandAVRX Z, the Rectangle (or Oblong) 


ASZ equal to the Square SW T E, and the Refangle 
X Z VA, equal to the Square VT BC. — And therefore the 
| Square VXYZ, compounded of thoſe Two Oblonge, 18 equal 


to the Ito Squares VTBCand 8ST W. 


But that the Two Oblongs A Z. I S and A VX Z are equal to 


The Squares S WT Æ wad VTB C, ſhall thus be proved. 


1 Thee Right Lines be Proportional, (as by the fixth hereof? the 
Square of the Means 7 m_ to the * made wp the Imp 


'Extreams. 


But the Three Right . 8 Y, qual to 8 V) S T and 5 A, are 


Proportional; that is, 
As SY (=SV) : ST 8 T: $a: 


Therefore the Square of S I is e val. to. the: Oblong nag of 


SY (=SV) andSA; for the Triangles STV and TAS 
are Equiangled, becau ſe of the common Angle at S,- and the 


Two Right Angles at T and A: Therefore (by the eighth bereof, ) 


As SV: ST: ST S A. 


In the fame manner it is alſo proved, that the Oblong V T2 A 
is equal to the Square VTB For the Triangles T SA and 
ATV are Equiangled, bes of their common Angle at V, 
and the Two Right Angles at T and A. Therefore, - 


As SV: TV: 23 AV. 


And ſo (by the fo xth bereof) the Square of T V is equal to the 
Z XAV -Which was to be 5 Jaw 5 


ated. 
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W 
"Hp Geometrical Theorems. 
Hence it followeth: That, 


Third way be ſaid to be given alſo. 


as if the Two Sides including the Right Angle T V8, and 
rss were given, their Squares 64 and 36 added together, 


he Square of 6, viz. 36, from the Square of 10, viz. 100, 


- DEMONSTRATION 
Let the Triangle A B C, be inſcribed in a Circle, and from the 


entre D, draw the Radii D F, DE, DG; biſecting as well 


* * to the Angle in the Peripherie AB C, and C D F, 
JUL 

re ſhall the Halves of the Sides be as Sines; and what Pro- 
Wortion the Side C A hath to the Side C B, the ſame ſhall 
De Sine HC, have to the Sine CI: For what Proportion the. 
hole hath to the Whole, the ſame ſhall. the Half have to the 


% Which was to be demonſtrated. 


And from hence follow theſe 
| CONSECTARIES. 
If the Angles of a Triangle be given, the Reaſon of the 


Sides 2s alſo given. 
are alſo given. 


Eo II. 7 


nake 100; the Square Root whereof is 10, for the Third Side (or 
Hpbotenuſe) S V — On the contrary, if the Hypotenuſe S V | 
5, and one of the containing Sides TS 6, be given; ſubſtratt 


15 2 Right-angled Plain Triangle, any Two Sides be given, the 


Fig. XI. 


Ihe Remainder will be 64; the Square Root whereof is 8, for 
oe other containing Side TV. ö 


III. In every Plain Triangle (ar well Right as Oblique angled) 
= 7h: Sides are in Proportion one to the other, as are the Sines 
be Angles oppoſite to thoſe Sides, & contra. 5 


* ; 


Fg. XII. 


he Peripheries as the Subtenſes ; and let there be alfo drawn 
e Radius D C. Now, becauſe the Angle at the Centre EDC 


to CAB (by the twentieth of the third of Eucl.) There- 


. If One Side be given, beſides the Angles, both the other Sides 


Os eee, 
III. If Two Sides of « Triangle be given, with an Angle oppo- 

ite to one of them, the Angle oppoſite to the other. of them 
J 8 


T̃ͤubeorems Extraordinary. 


I. If in a Circle Two Right Lines be inſcribed, cutting each 
. other, the ReQangles of the Segments of each Line, are equal: 
And the Angle at the Point of Interſection, is meaſured by the half 
Sum of its intercepted Arches. | 
II. If to a Circle Two' Right Lines be adſcribed from a Point 
without, the Rectangles of each Line from the Point aſſigned, to 
the Convex and Concave are equal: And the Angle at the aſſigned 
Point is meaſured by the half Difference of its intercepted Arches. 
III. If in a Circle Three Right Lines ſhall be inſcribed, one of 
them cutting the other Two: Then the ReQangles of the Sep- 
ments of each Line, ſo cut, are directed proportional to the Red. 
angles of the reſpeCtive Segments of the Cutter. 


IV. If a Plain Triangle be inſcribed in a Circle, the Angles are 
one half of what their oppoſite Sides do ſubtehd : And if it hath 
one Right Angle, then the longeft Side of that Triangle ſhall be 
. ˙ a nme... ring} if 
V. If in a Circle, any Plain Triangle be inſcribed, and a Perpen: 
dicular be let fall upon one of the Sides, from the oppoſite Angu 
lar Point. Then, as the Perpendicular, to one of the adjacent 
Sides; ſo is the other adjacent Side, to the Diameter of the cir 


cumſcribing Circle. = 
The End of the Erft Part. „ 
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WHEREIN 


The Doctrine of the Dimenſion of 


PLAIN and SPHERICAL TRIANGLES| 
is Succinctly Handled, — . 


Demonſtrated, 


2 Arithmetically, 
And i Geometrically, 5 performed. 
Inſtrumentally, 
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5 8 E G ION I. => 
Of Plain (or Right Lined) Triangles. | 


3 — | — | 


* 


CHAT EL | 


- DEFINETIONS 


lined ) and Spherical, (or Circular.) Either of which — 
do conſiſt of Six Parts; namely, of Three Sides, and 1 


as many Angles; but in this Place we ſhall. only treat of the 
Plain. : i 5 5 5 


F Triangles there are Two Kinds; vis. Plain, (or Rigbi- 


7 


I. A Plain (or Right Lined) Triangle confifteth of Three Sides, Eg. E 
and as many Angles: And ſuch are the Two Egures CBA and 4 
C DB; in which, in the firſt Fjigzre A B, BC and CA, are the 
Three Sides of the Triangle CB A; and CAB, ACB and 
CBA, are the Three Angles of the ſame Triangle C B A. . 
A And Note here] That an Angle (in any Caſe) is always 
noted with Fhree Letters; the middlemoſt whereof repre- 
ſents the Angular Point. So in the Triangle A BC, if 1 
would expreſs the Angle at C, I would ſay, The Angle 
HA CB; or, The Angle BC A. He 
_ Alfo in the ſecond Figure DB C, the Lines D C, DB and CB, 
are the Three Sides of the Triangle D B C; and the Angles 
BDC, CB D and B C D, are the Ang/es of the ſame Tri- 
angle DBC. 1 1 | 
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FJDianua Mathematica. 
II. Any Two Sides of a Triangle, are called the Sides of that 
Angle contained by (or comprehended between) them: So the 


Sides B C and C A are the Sies containing the Angle B CA. 


III. Every Side of a Triangle, is the ſubtending Side of that 
Angle which is oppoſite unto it. As in the Triangle B C, BC 


is the ſubtending Side of the Angle C A By the Side B A ſub- 


Eg. II. 


_ * Angle BCA, and the Side C A ſubtends the Angle 
af And here Note again,] That the greateſt Side, always, ſub- 
tends the greateſt Angle, the leſſer Side the leſſer Angle, and 
egqual Sides ſubtend equal Angles, 4 ; 
IV. The Meaſure of an Angle is the Arch of a Circle deſcribed 
upon the Angular Point, and is jntercepted between the Two Sides 
containing the Angle, (increaſing the Sides, if Need be). So in 
8 ABC, the Meaſure of the Angle CB A, is Arch 


V. Every Circle is divided into 360 Degrees, and every Degree 
into 60 Minutes, (or rather into 100 or 1000 Parts, &.) Which 
Degrees are ſo much the Greater, by how much the Circle is 
Greater; and thoſe Arches which contain the ſame Number of 
Degrees in equal Circles, are Egual!: But in unequal Circlet 
they are termed Like-Arches, So the Arches C F and DE ape 
Equal Arches, they being equal Parts of the ſame Circle DH K. 
But the Arches CF and OP are Like-Arches : For, as CF is 


40 Parts (or Degrees) of the Greater Circle DE F C, fois OP 


40 Degrees of the Leſſer Circle P O G. 


VI. A Quadrant (or Quarter) of a Circle, is an Arch of 90 
Degrees. As is the Quadrant (or Arch) H F. : 20 
VII. The Complement of an Arch leſs than a Quadrant, is ſo 


much as that Arch wanteth of 90 Degrees. So the Complement of 


the Arch C F 40 Degrees, is the Arch H C 50 Degrees. 
VIII. The Excefs of an Arch Greater than a Quadrant, is ſo ma- 


| 3 Degrees as that Arch exceedeth go Degrees. So the Arch 


HC being 140 Degrees, is the Arch H C, 50 Degrees more 
than the Quadrant DH. x | 

IX. A Semicircle is an Arch of 180 Degrees. As is the Semicir- 
cle DH F. „„ Hit ST OE 
X. The Complement of an Arch leſs than a Semicircle, to a Se- 
micircle, is ſo much as that Arch wants of 180 Degrees. So the 
Complement of the Arch D HC 140 Degrees, to the Semicircle 
D HE 180 Degrees, is the Arch C F 40 Degrees 12 3 
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in aCircle, (or any Two other Right Lines crofling each other) 


are equal, So the Angles C B F and CB E, (made by the In. © 
 rerſettion of the Two Diameter DF and CE in the Center B) 


_'terſ{ 
are equal. 5 oe 
. XII. An Angle is either Right or Oblique. . 
XIII. A Right Angle ie that whoſe Meaſure is a Quadrant or 

90 Deg. So the Angles HB D, and H BE, are Right Angles, their 
Meaſures being the Quadrants DH and H F. | os 
XIV. A Oblique Angles are either Acute or Obtuſe. 


XV. An Acute Angle, is that whoſe Meaſure is leſs than go Deg. 


So the Angles HB C 50 Deg. and C B F 40, are Oblique 


Acute Angles/ 


1 n 5 
e Angles made 7 the croffing of Two Diameters Fg. II. 


XVI. An Obruſe Ans le, is that whoſe Meaſure 7s more than 2 


Juadrant or go Deg. So the Angle DB C (conſiſting of 90 and 


50 Deg, vig. of 140 Deg ) is an Oblique Obru/e Angle. 


XVII. The Complements of Angles are the Same, as are the Com- 


plements of Arches. 


XVIII. 47 Angles concurring (or meeting) together upon Oae 55 


Right Line, all of them being taken together, are equal to a Semi- 
circle, or 180 Deg. So the Angle DBH o Deg. HB C 50 
Deg. and C BF 40 Deg. (made by the concurring, or meeting, 
of the Three Lines D B, H B and C B, upon the Diameter D F, 
in the Center B) are all of them Equal to the Semicircle D H CF, 
or 180 Deg. 8 


XIX. A Triangle hath ſome of its Sides Equal, or elſe they be 


all Unequal. 3 | PR 1 
XX. A Triangle of ſome Equal Sides is either Equicrural or 
Qquilateral EEE : 


XXI. A Equictural Triangle # that which hath only To 


| Equal Sides. And fuch is the Triangle D BE, whoſe Sides BD 


ad Bk ana. | 
XXII. Ar Equicrural Triangle 25 Egui- angled at the Baſe. S0 


in the Eguicrural Triangle B DE, the Angles BD E and BED, 


at the Baſe D E, are Equal, vis. each of them 70 Deg. for the 


Angle DB E being 40 Deg. that taken from 180 Deg. leaves 


140 Deg. the half, whereof 70 Deg. is equal to the Auge BD E 
or D E B. 

Right Angler. : 

This is Demonſtrated in the XIth Theorem hereof. 


% 


* * 


XXII. 47 


and all the Three Angles equal to 180 Deg. or Two rel 


- 
— 
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Fig. III. 


e Mat breath, 


Triangle E B K hath its Sides B E, B K and E K, all of them 


equal; and the Angles E B K, E K B and K E B equal alſo, 
and each of them equal to 60 Deg. and conſequently all of 5 


them equal to 180 Deg. 
XXIV. A Triangle is either Right Angted or Oblique Angled, 
XXV. 4 Right-angled Triangle, 7s .that which hath one Right 


Angle. And ſuch is the Triangle C AB, Rigbt. angled at A. 


VI. An Oblique-angled Trian gle zs that which bath all i We 


Angles Oblique. And ſuch is the Triangle B CD. 


XXVII. An Obliqu e angled Triangle, zs either Acute-angled, or 


Obtaſe- ungled. | 
XX VIII Ar Oblique Acute- angled Triangle is that which bath 


| all its Three Angles Acute, And ſuch are the Triangles DB E, 


and EBK. 
XXIX. An Oblique Obtuſe-angled Triangle 7s that which bath 


One Obtuſe, and Too Acute Angles, And ſuch is the Triangle 
DBC, hoſe Ang/e DB is tes and the Angles B D C and 


BCD Acute. 1 


CHAP. IL 
Of Right Lines, applied to a C ole. 
POaſmct as the Ratio or Proportion of an Arch Line to a 
Right Line, is as yet unknown, yer it is abſolutely neceſſary 


that Right Lines be applied to a Grete, for the Calculation of 
Triangles, wherein Arch Lines come in Competition: For the 


3 


Angles of Plain (or Rigbt- lined) riangles are meaſured by Arches : 


of Crd/es. 
Now. the Right Lines applied (or relating) to a Grele;. are 


Chords, Sines, Tangents, Secants and Verſed Sines. 


1. A Chord, or Subrenſe, is a Right Line, Joining the Extremi- 


ties-of an Ark, as A C is the Chord of the Ar AB C and A D C. 

2. Right Sine, which is ſingly called a Sine, is a Right 
Line, drawn from one end of an Ark, perpendicular to the Dia- 
meter drawn through to the other End: Or, it is half the Chord 


of twice the 47k; ſo A E is the Right Sine of the Arks AB 
and A D. The Radius (or Sine of 90 * ) is called the M/ bole 


Sine, | 


XXIII. 4 Equilateral Triangle, is that whoſe. Sides are all 
Equal, and whoſe Angles contain (each of them my 60 Deg. So the 
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Sine, and is the greateſt of all Sines : For the Sine of an Ark Eg. Ill. 


1 ” 


greater than a Quadrant, is leſs than the Radius; fo F G is the 


whole Sine or Radius. „„ 

3. A Verſed Sine is the Segment of the Radius between the Ark 
and its Right Sine; fo E B is the Verſed Sine of the Ark A B, 
and of the 4r& AG D. „ 


4. The Secant of an Ark; is a Right Line, drawn from the Cen 
ter through one end of an Arx, till it meet with the Tangent: 


That is, . a Right Line touching the Circle at the neareſt end of 


that Diameter which cuts the other end of the Ark. F M is 


the Secant, and B M the Tangent, of the Ark A B, or of A D. 


5. The Difference of an Ark from a Quadrant, (or 90 Deg. ) - 


whether it be Greater or Leſs, is called the Complement of that 


Ark; ſo GA is the Complement of the Arks ABand AGD, and 


H A is the Sine of that Complement : Gl the Tangent of that 
Complement and F I the Secant of that Complement. All which 


(for Brevity) we write Co- Sine, Co-Tangent, Co-Secant of the 


6. The Difference of an Ar& from a Semicircle (or 180 Deg.) 


is called its Supplement; ſo the Ark A B is the Supplement of the 
Ark DG A, to a Semicircle. „ | 

7. That Part of the Radius which is between the Centre and 
its Naht Sine, is equal to the Co- Sine. As F E is equal to H A, and 
F O is equal to the Co- Sine of the Arx DS. a 


8. If an Ar be Greater or Leſs than a Quadrant, the Sum or 


Difference, accordingly, of the Rad:z and Co- Sine, is equal to the 


„ 


Verſed Sine of the Arx DGA; and F B leſs by HA - E 
is equal to E B, which is the Verſed Sine of the Ar& AB. 


Verſed Sine : For Dand H A together, are equal to DE, the 
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CHAP. II. 


P Short problems, to male Canons of _ Tan gents 
and Secants. 8 . 


| PR 0 . 
Te Sine of an Ark heing given, how ro find out the Sine of the 


BC being given, 10 find AC. 


Prank the Triangle ACBisa Reckangle ( by the Definition 
of a Sine) and the Sides AC, B C, are of the ſame Power 
as the Hypotenuſe; that is, the Radice AB: Therefore, if the 
Square of the Sine BC be ſubſtracted from the Square of the 
Radius A B, there remains the Square of es who e Side i ts the 


Right Line A C, the Si ne fought for. 
P R 0 8 8 


we Sine of an Ark being given, and Jikewik the Sine 4 he 
— Complement, to find the Sine of balf the Ark. 


R Quand A Q being given, 70 find BO or RO. 

As AB: is to BO, ſo is:: BO: to BG; cherefore B O will 
be the Square Side of the Plain from the Radius A B and B G, 
the half Ferſed Sine. For QB, the Verſed Sine of the Ark BR, 
is given; becauſe A Q, the Sine of the „ and A B, 
the Radius, are given by the Suppoſition. 9 


R O B. — 


The Sines of Two Arks, and the Sines of the Complements be: 
ing given, 10 find the Sine of the Sum. e 


R Q, QA, and S T, TA, being given, rofl SP. 


As AR is to RQ, ſo is AT to T G, or CP. 
As A R is to AQ, fi S T to S C. 


B T and CP together make 8 P, the Sine of the Sum of. Tiwo- 
Arks. | | 6 26? TROP: | 


ey 4 
>. 


AW. 


PROB.W. | 5 


gents De ſane being given, 10 ; fad ne Sine ＋ the Difference. " 


RQ, QA, ad S P, P A, are given, to find S T. 


find O S. 48 AR is toAQ, o is O 8 to 8 T. 


* 10 theſe join the Theorems. - 


Arks. 


* 


moſt of the ſame Quantity, as it appears, tho”: not to 0 every _— 
yet to à very profound one. 


Theorem II. If the ſame Line "op cut into wnequal Parts in Nam: 
ber, the Number of the Parts of the firſt Settion, is to the Nun- 


is to one Part of the firſt Seclion. 
Divide che ſame Line, firſt into Four, then into Three Farts; then 


becauſe 3 in + makes 1, and 4 in +. makes 1; and becauſe the 


e 
The Conftrution of the Canon f Sines. 


the Semidiameter of a Circle. Set in the Canon a Radius of 
r00000 Parts, or 100000.00 for Neceſſity of Calculation; but 
for the better making of the Canon take a Radius 150000.00000 


amongfi the Right Hand Figures may. and be corretted with- 
out any Prejudice to the has” Ks Th 
: 2 | en 
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As AQisto QR, ſo is AP to P O, from whence you _ 


Theorem L The leaf Sines ore, almoſt, i iu the Same Ratio as their 


This Theorem will be prov'd to be true hereafter in the conti- 
nued Biſections; but the leaſt Aris are about one of the firſt Scru - 
les, or lels, and are almoſt in the ſame Ratio as their Sines, 

wm F they are, almoſt, contiguous amongſt themſelves, and al- 


ber of t es (reciprocally ) as one Part of the . Section 


it will be as 4 T0 3, ſo 2 3. Fart w'3 + reciprocally ; the Reaſon is, 
Products are equal, the Muriphcands will#be ""_ pro- 


The Sine of the whole Quadrant is call'd the Radius, for it is 


Parts; for by that Means, the Errors which oftentimes happen 
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.. _ Then biſegt the Quadrant, and look for the Sine of the Big. 
T8 | ment by Prob. 2. and its Co-ſine by Prob. 1. then biſeQ this Biſeg- 


| | ment again, and look for the Sine of the ſecond Biſegment by 
| Prob, 2. and the Co-/ine by Prob. 1. then biſect this ſecond Biſag- 

ment, and look for its Sine or Co-/ine by Prob. 2. and 1. and 

then biſeQ the third Biſegment, Ec. and continue biſecting 13 

times, till you find a Sie of . Part of the whole Quadrant, 

as 'tis here ſer in the Table. Now we come to the leaſt Arks, 

where the Truth of the firſt Theorem is illuſtrated : For as the 

Ark of the Quadrant = is double to the Ark , ſoð its 

Sine almoſt to that Sine. ä | „ 


The Sine of the Quadrant. 100000.00000 | 
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The Sine of of the Quad. 70510 67811 * 


. mY ,® * 


i | The Sine of + of the Quad, | 38268.34323 IL. 
| ” in: e . 
| The Sine of + Part of the & 19509. 03 220 + 


The Sine of Part of the ©. | 5 py ES 
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fit Scruples, that is, of = part of the whole Quadrant, or of 


one hundredth part of a — 4. that is, of er part” of the 


whole Quadrant is to be found. 


2 b aha ſe econd Theorem, 
as £422 is to 8192, ſo the quantity of the firſt 


arr of this Divi- 


fion is to the quantity of the firſt Part of that Divifion, and by 
the firſt Thearem ; ſo is the Sine of 3:5. Part, which you have In 


the Table at the Sine of 7 + ee part of Degree. 


Therefore the Sine of the firſt Minute, or of the firſt hundredth 


part thus form d by Prob. 1. extract the Sine of the  Comple- 
ment, to wit, of the Ark 89 Dee. 13 then by Prob. 3. find 


out the Sine of the ſecond Minute, = its C Dine by Prob. 1. 
and from thence you will find the Sine of the Sum of 2 Min, and 


1 Min. that is 3 Min. by Prob. 3. and its Co. Ane by Prob. 1. and 


from the Sine and Co-/ine 2 Min. or from the Sines and Co. ſines 


3 Min. and 1 Min. you may look for the 4th Sine by Prob. 3 


and the Sine of the Complement by Prob. 1. Likewiſe from 5 | 


Srnes and Co: ſines of 2 Min. c Min. or 4 Min. and 1 Min. you 


may find the 5th Sine and Coſine by Prob. 3. and 1. Oc. even 
0 J -« or 1 Deg. and from the Sine of 1 Deg. you may by 


the fame means find all the Sines of the 90 whole Deg. and from 


the Sines and Co. inet, before found, of 60 fingle Minutes, it will 


be eaſie by 3d Prob. taking the ath Prob. too, when it will 


be uſeful, to extract the lingle Sine of all the 5 Minutes Fs 
interſpers'd, 55 


4 Deduction of the Tangents and Secants fo the Tables 5 Sines | 


The T. angents. are made thus: _ 


148 the Cine, is to C B the Sine; 1s f E. | the Re: Fig VII. 


dius, to ED the Tangent. | N 
But the Secants thus: 


' As AC, the Cf, & to k & whe Rites fois AE, ' the Ro! 


dis, to AD the Secant. - 
By this way the whole Canons of Tangents and 8 ecants are ex- 


tracted from the Canon of Si ines. 


This leaf Siue Sg thus — out, the Sin of, one of the Fe. 11 


7 


f ; I 5 * f 
| | | . g 1 
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Htg. VII. 


I paſs by all Rules of Calculation, for I don't undertake to 
make new Canons; foraſmuch as ſome of the moſt excellent 
Artiſts, by their Study and Induſtry have ſav d me that Trouble, 


it ſufficiently anſwers my Deſign, if the Reaſon of Syntax, what- 


ever it be, be only underſtood, and the Truth of the Numbers 
put in the Canon which the Propoſi tions above abundantly prove. 


—— ä 
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CHAP. IK: 


Of the Affections of Right-lined Triangles, in order to 


the Calculating (or Reſolving) of them, | 


. A Plain Triangle is contained under Three Right Lines, 


and is either Right-angled, or Oblique. 22 be 
2. In all Plain Triangles, Two Angles being given, the third is 


alſo given; and One Angle being given, the Sum of the other 


Two is given; becauſe, The - Three Angles together are equal 
to Two Right Angles. By the 32 Pro. Euclide. Lib. I. and by the 
W Therefore, ̃ ̃ uo EEE 
In a Plain Right angled Triangle, One of the Acute Angles is the 
Complement of the other to 90 Deg. 5 
= In the Reſolution of Plain Triangles; the Angles only being 
given, the Sides cannot be found; but only the (Reaſon, or) Pro- 
portion of them: It is therefore neceſſary that one of the Sides 


de known. | 


4. In a Right-angled Triangle, Two Terms ( beſides the Right 


47 Angle) will ſerve to find the third; fo that _w as 


be a Side. EO 


J. In Obiguc- ang led Plain Triangles there muſt de Three 


- AXIOM 


Things __ to find a fourth. 


jobt-angled Plain Triangles there are Seven Caſes, and 
Five in Obligue For the Solution of which, the Four follow ing 
5 are ſufficĩent. 3 „ 
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1 ned Thighs | 
A * 10 AE | 
fo a Ri t angled Pian Triangle: "The Redfangle niade of Rains, © 

and 550 of She Sides contai ning the Right Angle, i ual 5 | 


the Rectangle, made of the other containing. Side, and the. e Tun. 
gent of the Angle rhereunto adjacent. 


DEMONSTRATION. 


10 the Right angled Plain Triangle B E D, draw the Arch F E; 5 2. VI 
85 is B E Radius, and D the Tangent of the Angle at B: Make 
rallel to DE, then are the Triangles ABC and B D E 

te cauſe of their Right Angles ar A and E, and their common 
Ang at B. Therefore, 


As B A: BE: AFG: b. 


WT B A in ED is equal to B E in AC. 
That is, B A in 7 B is equal to Radius in AC. 
Which which was to de demonſtrated. e 


AXIOME IT. 


In al Plain Triangles: The 8 ide. are emen to the Sint "I 
heir oppoſite Angles. _ (une w_ 
DEMONSTRATION. EN „ 
| et the Plain Oblique Triangle C B D, extend BC to F, making Fig. IX. 
B F equal to D C, and deſcribe the Arches F G and C H; then "" 
are the Perpendiculars F E and C A; the Sines of the Angles at _ 
D and B; and the Triangles B E F and B AC are like, becauſe | - 
of their Right Angles at E and — and theit common | Angle at 
B. Therefore, 
eee : BF: FE. 


** 


That is. | © 
C DP C (equaltoBF): A 
| Which þ was to be demonſtrated. . 
| AXIOME _ 


—%* 


* * . n e * F " — 
— Pb” "> Se * ES * * W r 
3 * i, 2 N FRY 
<> * 1 + < * 
2 i N 
. 
* - 
, 


gy aalen, 0 


AXIOME. III. 


In al Plain Triangles : As the, half Sum of; the Sides, is to their | 
Half Difference; ſo is the Tangent of the half Sum of their be 
te Angles, to the Tangent of. their Bel n = 


' Otherwiſe, 


In every Plain Triangle: As the Sum of the Two Sides, rs to their 


"Difference ; ſo is the Tangent of the half Sum of the Op We | 
Alec, to the Tangent of half their Difference. 4 | 


DEMONSTRATION. 


In the Oblique angular Triangle A B C, let the known Sides 
be BA and B C; and the Angle ABC, comprehended by them: 
* it is Obruſe in the ſupertor, but Acute in the inferior, 

14gram. 

Continue the Side A B to I; ſo that H B may be equal to BC, 
and join C and H, —and make BI equal to A B: Alo, from the 
— B — draw the Right Lines BD and I G, parallel to the 
ide 
Then ſhall the exterior Angle C B H be equal to the Two in- 
terior and oppoſite Angles (by the 32th 0 Page 1ſt Euclid.) For 
the Angle CB D is 1 to the Angle A CB; and the Angle 
DB 15 to the Angle 

( Moreover, from the Point B, let fall a Perpendicular BE, 
which ſhall biſe& C H at the Point E; then making B E the 
Radius, upon B, deſcribe the Arch ME L. Therefore ſhall C E 
be the Tangent of half the Sum of the oppoſite Angles : And DE 
(to which F E is equal) the Tangent of half their Difference. 
Now, becauſe A C, BD, and I G, are Parallel, therefore ſhall 
CD, BG, F H, be Equal: As alſo, DF and GH: "Fe 
fore! ſay, 


. By Equality of Proportion: 


As AH, the Sum of the Two Sides, pe 
1s to 1 H, their Difference 

So is C E, the Tangent of half the oppoſite FOR 

ToD E f the Tangent of half their Difference. 


5 Otherwiſe, 


riſe, 


of gh Lint 2 


- Othermiſe, | 


As the Sum 4 the Two Sides, ; 
Is to the greater Side doubled ; 
So is the Tangent of half the Sum of the o Fes ſite Ati gles, *© 
To the Sum of the Tangents of the hal 385 be half Diffe- 
rence of the Angles. e 


Otherwiſe, 


As the Ges of the Two Sides, 
Is to the leſſer Side doubled; 

So is the Tangent of half the Sun of the oppoſite Angles, 
| To the Difference of the Tangents of the half Sum, ad the 
half Difference of the Angles. 


ATIOMNE — 


In all Plain Triangles: Ar the Baſe, is to the Sum of the other 
Sides; ſo is the Difference of Wi Sides, fo the Difference of the 
| Segments of the Boſe. | 


DEMONSTRATION. 
In the Triangle B C D, let fall the Perpendicular C A; extend Fig. XI. 


4 


BC to P, and draw FG and D H. 


Then is B F equal to the Sm of the Sides C D and CB; and 
H B equal to the Diferenceè of thoſe Sides; and G B is ual to 
the Difference between A B and A D, the Segments of D B/ the 


Baſe: And the Dow op H DB and BGF are like; becauſe ol 


their equal Angles at D and F; the Arch H G being the double 
3 a them both: And their common Angle at B. 


Therefore, : 
ASBD:BF: HB GB. 
| ; VF — 
45 DBE B (the Sum of the Sides): : H B (che Difference 


of the Sides C B and C 7 ): G B A os Difference of the N . 
1 of the . 8 | = 3 
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nutes, to Centeſimal P 
the contrary. 


— 


Sexag. 
Minut. 


1 


| 


F 


— 
* 


Cent. 0 


Sexag. | Cent. 


Parts. | Minut. 4 Part C. 


01.67 


03.33 | 


05. 


06.67 


08.33 


BB 


— 


* 


51.67 


A Table to. Reduce Sexagenary Mi- | . 
4715; and 


which treateth of Trigo- 
nometry, where the Angle 


contains 60 Minutes, One 
Minute 60 Seconds, &c. 
which is called the Sexa- 
Or otherwiſe, the Degree 
is ſuppoſed to be divided 
into 100 or 1000 Parte, 


1 Calculations of this Bo 
and alſo in the other 


_ Dodtrine of Triangles ap: ] 
| plied to Praclice in ſe- 
veral Parts of the Ma- 


times, uſed the Sexagena - 


Centeſimal, Way of Di- 3 


" T-Hereas-in this Parr 
of "this Bo 


of Right-lined, and the 
Sides and Argles of Spbe. 
rical Triangles are mea- 
ſured” by Arches of Cir- 
cles; and thoſe Arches 
are uſually numbred (or 
accounted) by Degrees, 
Minutes, Seconds, &c. 
Of - which one Degree 


ry Diviſion of the Degree. 4 


which is called the Cen- * 


Dzvifion, (and is the bet- 
ter of the Two in man 
Rep HH E-M 

ow, whereas in the 
following Trigonometricat 


Parts (which concern the 


thematicks) I have, ſome- | 
7y, and ſometimes the 


— 


viding 


* 


2 

\ - 
—ͤ— 44 2T—22 —— 
* 


— „ 
* . 


n 


* . 
* 
* 
* : | 
* N | 
LY 
* : 3 
» ; iy 
2 1 . 
wa 
- 
_ 
8 
- 3 
; = 
. 
a4 
I 
« 
* 
fo 
- * = * 
. 
* * 
. 
1 
5 


A. - 


| 


} 


1 


Plate. From Tage 


o 


EO £ 
. | £4 & 
. . | ö = — | 4 _ LEY P = | 2 1 
29 to Tæge $2- Fa. * . — 9 5 * 


” 9 ö Fey f * * 
a F 
> 7 


. W —— . N E __ "_ * L 
OW} IVY n * p<, * » - * eu —_— * 2 4 
A . LY 7 + NEE. R p 

L c J F +” . 2 * * 3 "EE 5% 
L | 2 f . J 3 
RMS 
- 
, 
— 


O Right Lined Triangle. 43 
viding the Degree: (Not that I intended to make a Difference, . 
or rather a Confuſion, by intermixing them) but becauſe theſe 
everal Tractates were not written at the ſame time, nor, 
at firſt, intended to be joined together, as here they are: But 
| fince it ſo is, I have here (in the beginning) inſerted a ſhort Table, 
by which Sexagenary Minutes are Reduced to Centeſimal or Mil. 
leſimal Parts : And alſo, Centefimal Parts to Minutes and Se- 
conds : So that when the Reader meets with either of them, 
in anx Part of theſe Trafates, he need not be at any Stand) 
(or Demurr about it) but readily know, to which Account it 
belongs, for the Manner of writing them will diſcover ir :. So 
| 23 Deg. 30 Min. is written as here; but the ſame written 
Centeſimally, thus, 23.5 Deg. Alſo 56 Deg. 43 Min. is written 
Sexagenarily, as here, but the ſame Cente/ima/ly. thus, 56.71 Deg. 
ot Mlle/imally, thus, 56.716 Deg. And ſo of all others, as in 
the Table. — | * | | 


w— 


3 5 e 
Of the Solution, Calculation, or Menſuration, of Right- 

78: angled Plain Triangles. „ 
II Right-angled Plain Triangles, 1 call thoſe Sides , which Eg. XII. 
1 comprehend the Right Angle, the Legs; and the Side ſub- Wy 
tending the Right Angle, I call the Hypotenuſe; and the Ir1an- 2 
gle which I ſhall make uſe of in the Reſo/ving the Seven CASES — 
following ſhall be that Diagram noted with M, in Eg. XII. Whoſe Diagram 
Sides and Angles are F 


Side 4 B C 27493 > Parts and Centeſins. 


+ 


- 


«cc A go N 
Angles 4 B 31.27 0 Deg. and Cent. 
CASE I. The Legs A B and A C given, to find the Angle C. Eg. XII. 
=." PROPORTION . 

As Log. A C : Radius : : Log. AB: 1 C. (By Axi. I. 


"A 


— 


"_ Mathematica. 7 


OPERA T I 0 N. 
As is CA, 142. 72 Parts 2.1544848 
Is to Rad. Tang. 45 Deg. ona 
So is Log. AB, 235.00 Parts 12.3710678 
To Tangent C, 58.73 Deg. 10.2165830 


Whoſe Compl. 31.27 Deg. is the Angle at B. 


Fg. XII. C 4 S E II. The Angles C and B, and the Leg. A B given; To 
Caſe II. find the Leg. A C. 8 


| PROPORTION. 
Leg. AB: : 1 B: Log. AC. [By 4xi I. 
OPERATION | 
As Radius, Tang. 45 Deg. 


As Rad.: 


10. 


To Log. AB, 235.00 Farts _ 2.3710678 
So Tang. B, 31.27 Deg, 2.288327 
To Log. A C, 142.72 Parts 142.1544657 


g. XII. CASE III. The Hypotenuſe BC, andthe Leg A B given; To 
7 III. eng the mw C. 

| oP R 0 PORTIO N. | 
As Leg BCT: Rad. 2 A . [By xi II. 


EAT * 


as Hype. B C, 274.93 | 2.4392537 
Is to Radius, Sine 90 Deg, : JO. | 
So is Leg. A B, 235. 00 112.3210628 
I0 Sine C, 58.73 Deg, 3.318141 
b. XII. CAS E IV. The Hypotenuſe BC, and the deg and C, Li 
ven; Jo ſind the "os AB. 


c N. 
| PROPORTION. 


n Hyp. B C. 4 Cc, _ AB, [By A II. 


0E | 


2 — 
— 


. N Y * » "act - * "3 LINES 2 "I LO BD = 9 1 
oo pd " < - > N A IN Prat ; * < o - 
; * = : : 
: : 
* 
N ** 
8 
* . 2 
* 
* 7 
* * 


> E. 
I 
a» 


ned 7 Things 45 
0 7 E R 4110 1 5 
As Radius, Sine 90 Deg. - „ „ 
To E B C, 274-93 Parts 2.4392537 
80 is Sine | Sa g 8.73 Deg. 9.92 18293 | 
To the Leg. B A, 235.00 Parts ' 12.3710830. 
CASE V. The Angles B and C, and the Leg. A C, given; Fig. XII. 
To find the Hypotenuſe BC. Caſe V. 
PROPORTIO v. 
As B: Les. AC: : Radius: Hypotenuſe BC, [By Axi. II. 
N OPERATION 5 4 
As Sine B, 31.27 Deg. . = - 7. y£ an 
Is to Leg. A C, 142.72 Parts 12. n 
o Radius, Sine 90 Deg. 10. 
To the Hy potenuſe B C, 274.93 Parts 24352575 ; 
2 ASE VI. The Hypotenuſe B C, and the 2 C ven Hg. XII. : 
To find the other A B. * 2 ; Caſe VI. 
= PROPORTIONS. | 
.) As Leg, BC: Rad.: :Leg: AC: B. (By Caſe I. 
2.) As f B: * AC: : Rad.: Leg. A B. [By Caſe I. 
-QO-£-B I 4 1190 N S. 
9 As Hypoteouſe B C, 274. 93 Parts” __ 2:4392537 
To the Radius, Sine 90 Deg. i 
So is the Leg. A C. 142.72 Parts 112.1544848 
To the Sine B, 3 1.27 Deg. 9.715231 
2.) As the Tangent A B, 31.27 Deg. 9.78339%0 
Is to the Leg. CA; 142. 72 Parts 12.1544545 
So is Radius; Tang 45 Deg. - 10. = 
To the Leg. A B, 235.00 kane er: ese 


| Jauua Mathematica. he 
Fre. XII. CASE Mi. The t too Legs B A and C A, : To fu be 
Cafe VII. Hy potenuſe B C. | 
P ROPORTIONS. 

1.) As Leg. A B: Rad.: Leg. AC: r B. [ By Coſe I. 

2.) ASS B: Leg. A C:: Rad.: Leg. BC. [By Caſe Ve. 
OPERATIONS. | Te 


1.) As the Leg. A B, 235.00 Parts, — 3710678 
Is to Radius, Tang. 45 Deg. . | B 
So is the Leg. A C, 142.72 Parts 12. 1544848 5 
To Tangent B, 31.27 Deg, 9•7 834170 
2.) As Sine B, 31.27 Deg. 2245187 
Is ſ to Leg. A C, 142.7 2 Parts . 12. 15440 ; 
| So is Rad. Sine 0 Deg. 4-6 ; 
| To the Hypotenuſe B C, 274.93 Parts 24392901 | 


The End of the Seven Caſes of Right-angled Plain Triangles. Su 
CHAP. vl. „ 


of the Solution (or Menſuration) of Oblique-ngled 
_ Plain Triangles. 


Fig. XII. PHE Triangle which I ſhall make uſe of in the Solution i 
Diagram the Five CASES of Oblique-angled Triangles, ſhall be Diff 
8. that noted with S; whoſe . and Angles a are-._ -.- | being 


B D, 1270 
Side C P, 865 A 
:7 £{ BD: C "Ow . 


8 115.18 . 
page 3 B, 38.05 Deere and Cent 
e 26:77 


8 
N N r 
4 = 
; / - J 


CASE I. Two Sides, D C, and C B, with the Angle 47 D, Eg. XII. 
oppoſite 10 C B, given; To find the Angle at B, oppofte to C D. Caſe I. 


— 
* 


PROPORTION. — 
As Log. CB: D:: Log, C D, : 5 B. EBy Axiom II. 


But here it muſt be known whether the Angle ſought be 
Acute or Obtuſe. 5 | SM 


"OPERATION. 


As Log CH ihe i 7 2.8009 

Is to the Sine of D, 26.77 Deg. 9.653608 

So is the Logar of CD, 865 Parts 016 
15 = - — — >» 


CASE Il. Two Sides, D C. and B C, with rhe Angle C. com-Fig. XII. 
prebended by them, given; To find the other Angles B e D. (aſe II. 


The given Azgle C being above 90 Deg. v:z. 115.18 Deg. 
0 Subſtratt it from 180 Deg. the Remainder is 64.82 Deg. 
TE Which muſt be. made uſe of in the Calculation: And then, This 
is the — 5 3 | 
| PROPOREFON: 
as half the Sum of the given Sides D C and B C, 
1s to half the Difference of thoſe Sides 7 
go is the Tangent of half the Sum of the Angles at B and D, 
To the Tangent of half the Difference of thoſe Angles. 
By Axiom III. Them, | | 
To the half Sum of theſe Angles D and B, if you Add the half 


Difference thus found, you will have the Greater Angle; but 
deing ſubſtracted, it will give you the Leſſer Angle. 


o PE- N 


Rr ¾ 1 Mr, 


1 C D, is —— 865.0 

Tbe Side 3 (6 B, is 6220 

Their Sum — 7 

The half Sum — 748.5 

Their Difference 2330 

The half Difference 2 

The Sum of the Angles at B and D 64. 8 2 Deg, 

5 Their Difterence 11.82 Dep, 

The half dum 32.41 Deg. 

Ihe half Difference F. 64 Deg. 

Being thus prepared, —_ . 

As the Log. of the half Sum of CB and C PD, 748.5 2.874 1918 

Is to the Log. of half their Difference, 116.5 2.066325 
So is the Tang, of half the Sum of B and D, 32.41 9. 8026808 

; Fs 3 ä 5 5 11. 8690067 

To the Tangent of 5. 64 Deg. 8. 9948149 


This 5.64 Deg. is half the Difference between the Angle B and 
D, — Which added to the half Sum of thoſe Angles 32.41 Dep, 
gives 38.05 Deg. for the Greater Angle at B. But being 100 
ſtracted therefrom, it leaves 26.77 Deg. for the Leſer Angle 

at D. 3 5 
Eig. XII. CAS E III. Two Angles C and D, with the Side C B, oppo- 
Caſe III. fte to D, given; To find either of the other Angles. 1 
| CU ß, ], 
| As g D: Log. CB: : Log. D B. [By Axiom II. ; 
OPERATION. Ds 


As the Sine of the Angle at D, 26.77 Deg. 9.55 36081 
Io the Logar of the Side C B, 632 Parts; 2.3007171 
So is the Sine of the Angle C, 115.18 Deg. (or 64-82) 9.95 66369 


: | 1 „ 12.7573 540 
To the Log. of the Side DB, 1270 Parts 3.103754 


Cas: 


Ms, 


o81 
171 
369 


54 
549 


SE 


of Spherical, Bias 2 


U A SE IV. Two Sides, DB and C B; with the Angle B, eon 5 Xl. 
prehended by them, being given; Fo find the & ide C B. | CG aſe IV 


1.) Find the Angle C, by the Third Axiome. i 


2.) Find the Side C B, by the Second Axiome. 8 - ö 


CASE V. The Three Sides D C, CB, and D B, Being gi- Erg. XII. 
ven; To ſind the Angle at D. * £ GeV. 


Io the reſolving of this Caſe, Two TEIN are required. 
The Firſt, To find the Segments of the Bafe D G and GB, by 


theſe 
PROPORTIONS. 


1.) As the Log. of the Baſe Dk. | 
Is to the Log. of the Sum of the Sides CD ad C B: 
So is the Log. of the Difference of thoſe Sides D 1 „ 
To the Log. of DG. By Axiome 4. 1 
And G D ſubſtracted Hol DB, ſhaſl be equal to G B, | 
and half G B, is qual to AG or A 5 Then, 


As DC, 
6 ) © Radius : 
So is Log. D A, 
To — Sine 'of the 1 D C A. By 4 2. 
And A G and AB together, are equal to G B; and therefore, 
the Angle at B, may be found in the ſame manner. 1 


O PE RATIO N. 
The Sum of the Sides CD and 0 B, i is 1497 


Their Difference is 233, - 

The Baſe BD is - 1270 © | I 
Being thus prepared, ſay, 5 3 ** 4 

As the Los of theBaſe DB, 1270 © 103804 . == 
Is to the Log. of the Sum of C D and CB, 1497 3.175222 1 
So is the Log. of the Difference of C D and CB, 239 12367356. - - 


To the Log. of the Segment D G 274-65 2.438774 3 
| . Sub- 1 


— 
— * 


x 
We 0 


Tig. VI. 


Jaa, . 


Subftra& D Q 274.65, Ke the whole Baſe D B 1270, the 
Remainder will be G B 995.35 5 the half whereof, g 18 


equal MO As age ore 1 LS 
As the "MF Ape, . op ng 29370161 
Ito the Radius, Sine 90 Deg. 1 8 
So is the Log. of A D, 972.32 - © „5 8877973 [ 
To the Sine of DA. 63.23. Deg. 67 20 "Ion | 
Whoſe 21 "qa fo mY es- 1 26. 77 Deg. for the An- 
gle C D B. 


In the ſame manner; may the An gle at B be 1 by, firſt, 


finding the Angle A C B, which you will find to be 51.95 


Deg ” Whoſe 5 to 5 Des 3305 Deg. is the ic Quan: q 
_* For the 1888 at B 5 | 4 


The End of the Five cia of Obie Pla Trials 
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{SZ 
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„ C N 
Definitions and Theorems, neceſſary to the right under- 
ſtanding of the Doctrine of the Dimenſion of Spheri- . 
cal Triangles. _ e 1 


A Spherical Triangle (as well as a Plain, or Right lined Tri- 
angle) conſiſteth of Six Parts; namely, of Three Sides, 
nd as many Angles: The Affections whereof ſhall be demonſtra- 
ed from theſe Twenty Theorems following. 


. The Three Sides of every Spherical Triangle are the Arches of _ 
Three Great Circles of the Sphere, every one of them being leſs 4 3 
than a Semicircle, or conſiſting of fewer Degrees than 180. 
which is the Meaſure of a Semicircle. By the 9th of SeQ.. II. 4 


J. A Great Circle of the Sphere, is Such a Circle as divideth the 
whole Sphere, or Globe, into Two Equal Parts or Hemifpheres ; 
and ſo is in all Parts diſtant from the Poles thereof, by a Qu 
drant or go Deg. of the Great Circle. | . 


II. If one Great Circle of the Sphere, do paſs by the Poles of ano- 
ther Great Circle, tho/e Tio Great Circles do interſett, or cut, 


each other at Right Angles: And the contrary. 


Thus, Let A EC be a Great Grele of the Sphere; (and let it Fzg. XIII. 

epreſent the Horizon of any Place) whoſe Poles let be B and D, * 

the Zenith and Nadir of the ſame Place, equi-diftanti from 'the + . 

Horizon A E C go Deg.) or Poles B, and D, let another > 

Treat Circle paſs ; namely, BED, one of the Co/ures (or any _ + 

42imuth, or Vertical Circle), Now, I ſay, that the Great Circle ' © 
| „ 8 „ 8 


> % 


Fig. XIII. B E D, cutteth the Great Circle A EC, at Right Angles in the 


Fig. XV. Thus, In the Triangle AB C, the Sides A B and A C, of the 


a 


, Set. II.) But the Arches AB, BC, C D, and DA, are QA. 


(Y the Firſt hereof.) 


tween the TwoSzdes AB and A C, continued till they be Quadrants; 


and therefore, the Arch B C, cannot be the Meaſure of the Angle 


AB D and ACD, which do comprehend the Angle B D C. 


. 7 - 


_ 
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Points E and F. For, if upon the Pole E or F another Great Circle 
AB CD he deſcribed, it is manifeſt, that A B, BC, C D, and 
DA, ſhall be the Meaſures of the Angles at E and F: (by the ꝓth 


drants (by the 3d hereof ) and therefore, the Angeles at E and F, 
are Right Angles (by the 13th of Sect. Il.) Which was to be de. 
monſtrated. CTR on. | 


IV. The Meaſure of aSpherical Angle, Is the Arch of a Great Cir- 
cle, deſcribed upon the Angular Point; and intercepted between 
the Two Sides, they being continued out till they be Quadrants : 


So, In the Spherical Triangle A B C, the Meaſure of theS pheri- 
cal Angle at A, is not the Arch B C, but the Arch E C, intercepted be- 


that is, to the Points E and D; becauſe the Arch B C is not deſcribed 
upon the angular Point A, but the Arch E D is; ( the 1ſt hereof) 


B A C, (by the 4th of Sedl. Il.) 


v. The Sides of a Spherical Triangle, being continued till they meet 
zogether, do make Two Semicircles, and at their Inter ſedlion, do 
comprehend an Angle, Equal and Oppoſite to the Firſt Angle. 


Angle B AC, being continued to D, do make the Semicircles 


equal to the Angle B A C, becauſe the ſame Arch G H (being 
iſtant from A and D 90 Deg.) meaſureth both thoſe Angles, 


(by the 4th berecf.) 


VI. Every Spherical Triangle, hath from every Angle thereof, ano- 
ther Triangle oppoſite thereunto, whoſe Baſe and Angle oppoſite 
to the Bale, are the ſame ; and the other Parts of that Triangle, 

are the Complements of the Parts of the other Triangle. 


Thus, the Triangle AB C, hath. another Triazg/e B D C, oppo- 
ſite thereunto; whoſe Baſe B C, and Angle BDC, oppoſite there. 
unto, are the ſame, (by the 51th hereof.) And the Sides B D and 
CD, are the Complements of the Sides A B and AC, to orgs 

| | | circle 


oe 9 heil Tien, 


Deg. (by ? Ne 18th of Sed. TE}-- 
VII. The Sides of a Spherical Inis may be e into Angles, 


\ 


and the contrary, the Complement of the Greateſt Side, or 


Greateſt Angle, 10 4 Semicircle, being laken for the Greateſt 
Side, or Greateſt Angle. 


Thus (in the Figure of Theorem IV. bereof 1 the Spherical D. Fg. 


angle AB C, obtuſe-angled at B: Let D E be the Meaſure of the 
angle at A, and let F G be the Meaſure of the Acute Angle at B, 
(being the Complement of the Obtuſe Angle at B, the Greateſt * 
gle in the Triangle : ) And let H 1 be the Meaſure of the Angle 


qt C: Now, 


EI). DE) KD} CEE are Quadrants, and D 
ILM is equal to 4FG becauſe ed, F Me their common I. F 


K M HI K 1) MH Complement is (K H. 


Therefore, the Sides of the Triangle K LM are e ual to the A- 
gles of the Triangle A B C taking for the Greateſt Angle AB ©, 
the Complement thereof F B G. 


It may alſo be demonſtrated, That the Sides of the 3 4 


ABC are equal to the Arg/es of the Triangle K L M:-( by 
the Converſe of the former.) For, the Side 


Ay. OP M'IK | 
the Meaſure which is the Conunkined of 
165 equal to 5 5 185 the Angle f 5 1 185 the Obtuſe Angle M K L. $— 


a7 1 C D 

\ 4 * 
For that <A PS aud 40 are Quadrants, an A O 
| BL rc de common Complement is C F. 


Therefore, The Sides may be turned into 4. and the * 


Which was to be demonſtrated. 
VIII. 4 Right-angled Spherical Triangle oy One RI Angle, 


or more than One. 


IX. Suppoſe the Angles at A and D, viz. BA C and B D EZ; to Fig, XV. 


be Right _— Then, 


One Right Angle, and Two Acute, Two Ob- 


The N B D c hath ruſe 9 and One Right, One Obtuſe, 
'CDE) and Two Acute. 


X. A 


| 5 3 
circle: And the Angles DBC, and DCB, are the Complements F ig. XV. 
of the Angles AB C, and A C B, to Two Right Angles, or 180 FL. 


XI. 


% 


* 
* 
— * - 
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= Eig. XV. X. ARight-angled Spherical Triangle, hath, from the Right An 
1 5 gle, a Right-angled Triangle oppoſite thereunto, with Two Ob- 
ä Oo % 


ene Triangles BAG, RD 


| 0 5 XI. The Sides of 2 Right-angled Spherical Triangle, with Tue 
1 Acute Angles, are either of them leſs than Quadrantss. 

: T1 4s the Sides of the Triangle B A C, are all of them, les chan 
If Quadrant 5. NS oY 


XII. The Two Sides of a Right-angled Spherical Triangle, with | 
. Two Obtuſe Angles, are greater than Quadrants ; and. the third 
Side, 25 leſs than a Quadrant. 5 


As in the Triangle B C D, Obruſe-angled at Band C; the Sides 
DB and DC are greater than Suadrants; and the Side B C leſſer. 


XIII. A Right-angled Spherical Triangle, with Two Acute Angles, 
bath (from the Acute Angle) oppoſite to it, a Right-angled 
Spherical Triangle, with One Acute, and One Obtuſe, Angle. 


As in the Right. angled Spherical Triangle E D F, 1 4. 
gles at E and F Acute, is oppoſite to the Right. angled Triangle 
CD E, with the Acute Angle E C D, and the Obtaſe C ED. 


XIV. The Sides /ubtending the Right Angles fa Spherical Tri 
angle, having divers Right Angles, are Quadrants. 


As in the Triangle AGH, If the Two Great Circles A G and 
A H, do cut the Great Circle G H at Right Angles in the Points G 
and H; then A is the Pole of the Great Circle & H ( by the third 
hereof ) and AG and AH are 2xadrants (by the ſecond hereof.) 
But if the Angle at A be alſo a Right Angle, then GH is alſo a 
Quadrant, (by the 13th of Sef. II. and by the 4th hereof.) 


XV. A Spherical Triangle, having divers Right Angles, bath ei. 
' ther Two or Three Right Angles; and ſo of the Sides, it hath 
Two or Three of them Quadrants. 5 


As if the Angle at A be put for a Right Angle, the Spherical 
Triangle A G H ſhall have the Three Right Angles at A, G and H N 


a 


, 


vo 


— 2 
> . : A 
* a 2 


2 N % n ” ? 
Wo. 


| © 5 FF Spherical Trienghes, 2 
and therefore the Three Sides, AG, A H and H G, ſhall be ite XV. = 
9,/:4rants. ----But, If you put the Angle at A for an Acute Angle, © 3 


den the Spherical Triangle A G H ſhall have Two Right Angles 


at G and H; and thereupon the Two oppoſite Cite, A G and 
AH, Quadrants 


XVI. If the third Angle of a Spherical Triangle, having Teo Right 
| Angles, be Acute; the third Side 7s leſs than a Quadrant; b * 
Obtuſe, then it is greater than a Quadrant. 


As in the Spherical Triangle G H I, Acute angled at G, the 
third Side H I is 4% than a Quadrant. But in the Spher ical 
Triangle A Gl, eee at G, the third Side AT is more 
than a Quadrant. | ; 


XVII. Au. Oblique Spherical Triangle con Neth ſimply 6 Acute . 
Obtuſe Angles, or of both of them. 4 Py . 


XVIII. 4 Spherical Triangle, with Two Obtuſe * and One 
Acute Angle; # oppoſite to 4 Spherical Triangle, „imply Acute. 
angled, & contra. 1 


As if the Angles at A and D. be ſuppoſed Acute; then the Tei- 
augle BCD, with '1wo Obruſe Angles at B and C, And Ore Acute 
Angle at D, is oppoſite to the ſimple Acute-angſed T1 iangle ABC. 


XIX. 4 Spherical Triangle, with Two Acute Angles, and One 
| Obtuſe; 28 oppoſite to a Spherical Tale, imply Obtuſe an- 
gled, & contra. 


As if the Angles at A and D, be ſuppoſed Obtufe : . thi the Tri- 
eie ABC, with Two Acute Angles at B and C, and One Obtuſe 


y 2 75 at 'H 18 9885 to the f mply Obtuſe- angled I . ; t 


X. The Three Angles of every | Spherical Triangle, are . 
than Two Right Angles. 


This i 18 evident i in Spherical Triangles, having more Right, or 
* bruſe Angles, than One : But in Acyie: angled Triangles, it nay 
e thus . 5 3 


A 


56 


5 Eg. XVI. In the Right-angled Spherical Triangle A B C z Right-anpled 
at C, and Acute-angled at A and B. - 4 


Fig. 
RVIL 


( by the fourth hereof.) But the Arches 5 


ded together, are more than a Quadrant; and conſequently, the 


are /eſs than the Arch N O, by the Propaſition: Therefir 
than the Complements of the other Two Angles added togethe! 


' Two Right Angles. Which was to be demonſtrated. 


Such AﬀeGions of Great Circles of the Sphere, as relate to ti 


i A Great Circle of the Sphere, Is ſach a Circle, as aividetht 


C * VIC 1 „ n Den 7 
n. 
v A * 
WS 


- 
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DEMONSTRATION. 


The Meaſure of BAC: ; + $48 

the Acute Angle, T ABC or BDE F © me arch J H 
F and E D together 
are equal to a Quadrant; therefore the Arches F E and HI, ad 


Angles anſwering to thoſe Arches, namely, the Angles B AC and 
A B C together, are more than a Quadrant. But the Angle AC} 
is a Right Angle, by the Propoſition : Therefore, in the Shericu 
Triangle A B C, conſiſting of Two Acute Angles, the Three 4r 
gles together are greater than Two Right Angles. 


Again, In the Acute. angled Triangle K L M . 
1 CK LM) (NO 
The Meaſure of the Acute Angle MK Lyis the ArchgV X 


But theſe Three Arches NO, VX, and R Q together, 21 
more than Two Quadrants: For PQ, and P V, (being the Gn 
plements of the Two Arches, QR and VX) added togethet 


the Arch N O, being the Meaſure of the third Angle, is mot 


and conſequently, the third Angle is greater than the Coinpl 
ments of the other Two Angles. And therefore, In Acute 
gled Spherical Triangles, the Three Angles are greater thi 


7 2 © 


— 
— 


Solution of Spherical Triangles. 


I. 
whole Body of the Globe or Sphere, into Two Eq 
Parts. . . „ 
| ” 2, 


* 


„ 82. PETE 


of S lere Triangles. 


2. A Spherical Triangle is that part of the Superſicies of the 
Globe, as lyes between the Arches of Three Great Circles of the 


Sphere interſecting one another. 
. A Spheric Angle is the ſame with the mutual Apertur or 


XVII. 


Inclination of the Plains of ſuch Two Great Circles which confti- | 


tute the Angle. 
4. When one Circle falls upon another Circle, or when the 
* of Two Great Circles interſe& each other, the Sum of 


the Angles made thereby is equal to Two Right Angles: And the | 


Vertical Angles made thereby are mutually Equal. 

F. In all Spherical Triangles, the Greater Angle is always op- 

os'd to the Greater Side. 

3 An I/ofceles Triangle, hath its Two Angles at the Baſe mutual- 
ly Equal; and, on the contrary, if a Triangle hath Two Angles 
Equal, it "bath Two Sides alſo Equal. 

7. Two Triangles mutually E quil lateral, are alſo Equiangular 
one to the other. 

8. If there be Two Triangles, and in each one Angle. and the 


Tuo Sides including it, reſpectively equal: Or, if One Side, and 


the Two Angles adjacent, be ſeverally equal, then are thoſe Two 


Triangles equal. 


9. An Arch of a Great Circle, is the ſhorteſt Diſtance between 


Two Points on the Surface of a Globe: And ſo, any Two Sides 


of a Spherical Triangle taken together, are Greater than the 


Third. 

10. All Great Circles cut each other into Two equal Parts; for 
their common Seclion is a Diameter of the Sphere, and conſequent- 
ly the Two Sections of the Peripheries of Two Great Circles are 
at a Semicircle's Diſtance. Hence it follows, That 


11. Every Side of a Spherical Triangle, is leſs than a gender | 


cle. So DB is leſs than the Semicircle D BC or D AC. 

12. The oppoſite Angles at the Sefions of Two Circles, are 
Equal; as the Angle at D, is equal to that at C; for the ſame 
Plains conſtitute both Angles. 
13. In any Spherical Triangle, if the Sum of the Legs con- 
taining an Angle be Greater, Equal to, or Leſſer than a Semicir- 
cle, the internal Angle at the Baſe, is (accordingly) Greater, 
Equal to, or Leſſer than the outward oppoſite ; and conſequent: 

ly, the Sum of the Two internal Angles at the Baſe, are Greater, 

Equal to, or ag than Two Right — oak 


„„ D E- 


XVI. 
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If DB and B A together be Greater, Equal or. Leſſer thai 
| DC, then B A is Greater, Equalto, or, Leſſer than B C; and;there- 
| fore the Angles at C and Dare Greater, Equal or Leſſer than the, 

[| Angle B AC; and the Angles B D A and D A B, Greater, Equal 
| 8 to, or Leſſer than the Angles BAC and D A B, equal to Two 
; 
| 


Right Angles. 2 TH: 
OT COROLLARY 


In an Ho/cheles Triangle, if one of the Equal Legs be Greater, 
Equal to, or Leſſer than a Quadrant, the. Angle at the Ba/e is 
Greater, Equal to, or Leſſer than a Right Angle. ry 
14. The Sum of the Three Sides of a_[71angle. is leſs than a 
Whole Circle, or 360 Deg. For B A is Leſs than BCand A C. 
Therefore D B, D A and B A together, are Leſſer than DB C 
c „ ORE 
15. If from the Point of an Angle, as a Pole, you deſcribe a 
Great Circle; or, if you deſcribe a Circle at 90 Deg. on the an- 
gular Point, the Ark of that Circle fo deſcribed,” which is inter: 
cepted between the Legs of the Angle, is the Meaſure of that 
Angle. | eh 
Eg. XIX. = The Poles of the Sides of any Triangle G H D, conftitute 
another Triangle n x m, which we may call Supplemental to the 
Triangle GHD, for the Supplements of the Angles and Sides of 
the Triangle n x m are equal to the Sides and Angles of the Tri- 


angle G H D. 35 5 
DEMONSTRATION: | 


From the Points G, H, D, as Po/es, deſcribe Three Great Cir- 
cles, x AY, RT, xBn J.; then is Y m equal to a Qua 
drant, and equal to A x, becauſe is the Pole of HG Y, and » 
or E, the Pole of G A; therefore mz x, equal to A Y, equal to 
the Supplement of CA, equal to the Azg/e H G D; and the 
Quadrant Z u, equal to B X; therefore „ x, equal to B Z, 
equal to the Supplement of the ge HD G, and 2 T. equal to 
a Quadrant, equal to R; therefore 2 m, equal to T R, equal to 
the Supplement of the 47g/e D H G. „„ i 

Now that the Triangle n Em, conſtituted between the Three 
next Poles, hath its Three Sides and Angles, equal to the Angles 
and Sides of the Triangle G H D, fave that the Greateſt Side 
2 m is the Supplement of the Greateſt Ang/e H, and the Angle E, 
of the Side G D. = e 17. Any 


. O 82 erical Triangles. 
Two, is Leſſer than Two Right Angles: For x u is Leſſer than 
than Two Right Angles, wanting G, and Two Right Angles, wan- 


Angles. 


| mutually Egui lateral; for, becauſe they are Egulangular, their 
Supplemental Triangles ate Equilateral (by the 16th) and there- 


angles are Equilateral (by the 16th.) 


„& and x m and ꝝ m together, are Leſſer than Four Right Angles, 
(by the 14th.) that is, Six Right Angles, Wy and G, and 
H, leſſer than Four Right Angles : That is, Two Right Angles are 
leſſer than D, and G, and H. Alſo, the Sam of the Internal-angles 
is leſs than the Sum of the Internal and External Argles taken to- 
gether, for both of them make but Six Right Angles. = 


Point of the Spheres Surface, on another Circle, the Greateſt is 
that which paſſeth through the Pole of the Circle; and the next 
to this, is Greater than that which is farther off For ſuppoſe P 
the Pole of the Circle C & D, and , the Pole of D C; then is 
A D Greater than A B, A B Greater than A E, A E Greater 
than AC: And the 4, B w C Greater than the Ar B P, and 
BFU, D. .... 8 


Circle, cuts it at Right Angles; And on the contrary, If it cut it at 
Richt Angles, it paſſeth through its Po/es: The Angle PB O is 


to w A C. 3 ' 
| 22. In an Oblique-angled Triangle, if the Angles at the Baſe 
are /zke, or of the fame Kinds; that is, both Acute, or both Ob- 
tuſe, the Perpendicalar falls Mithin the Triangle, and the Qua- 


falls Without ; and the Quadrantal Arch Within the Triangle. 
For the Triangle A E F hath the Angles at E and F Acute, and the 


Without. Alſo, the Triangle B A G hath the Angles at B and G, 
Obtuſe, and the Perpendicular x D Within, and the 8 
2 Are 


17. Any Angle of a Trianz/e, with the Difference of the other 


x m and 2», that is, Two Right Angles, wanting D, is Leſſer 


20. Of ſeveral Arches of Great Circles falling from the ſame 


55 
Eig. XIX. 


ting H. Therefore, G and H wanting D, is leſs than Two Right 


18. If Two Triangles are mutually Equiangular, they are al ſo 


fore Eguiangular (by the 7b). And therefore the propoſed Tri- | 


19. The Three Angles of every Spherical Triangle, Are Greater Ps 
than Two Right Angles, and Leſſer than Six Right Angles. For, 


Fig. xx. 


21. A Great Circle paſſing through the Po/es of another Great 


equal to a Right Angle, equal tro P G D, equal to PD B, equal 


drantal Arch without. But it they be unlike, the Perpendicular 


Perpendicular A C falls Within, and the Quadrantal Arch AT ] 


60 1 Janua Mathematica. ] 
Fig. XX. Arch Aw Without. But the Triangle BA E hath the Angles at 
B and E of different Kinds; and the Perpendicular A C falls 
Without, and the Quadrantal Arch A & Within, the Triangle. 


— 
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5 CHAP. III. 
* the Menſuration, or Solution, of Righ t-angled 
Spherical Triangles. 


Eig. XXI. I. TN a Right-angled Spherical Triangle, there. are (beſides the 
Diagram Right Angle) Five other Parts; whereof thoſe Three 
A. which are more remote from the Right Angle, the Lord 
Nepeir changeth into their Complements: ——As in this Trian. 
ele A BC, Right. angled at A: For the Three Remote Parte, 
to wit, the Angles B and C, and the Side CB, he takes their 
Complements : Thele Three Complements,with the Sides C A and 
B A, do make Eve Parts Which, by an artificial Term, he calls 

155 | C4RCUL AR | 

F | Side A B, 5 
Side A C, . 
Vis. The 4 Complement of the Angle at B, 


) Complement of the Angle at C, 
Complement of the Side B C. 


But the Rig Angle at A is ſet aſide from being any of the 
Qrcular Points. 55 3 
II. In the Solution of a Right-ang/ed Spherical Triangles, there | 
ate always Two other Parts, or 1erms, given (beſides the Right 
Angle) to find out a Fourth 


UI. Theſe Three Terms (namely, the Two that are Given, and 
the Third which is Regurred ) muſt be firſt looked upon ac- 
cording to their Circular Parts. N 155 1 


IV. Of which, Ore is named the Middle (or Mean) Part; the 
other To are called the Extream Parts, borrowing their Ap- 
pellation from the Scituation of the Terms themſelves : For, 
of Three Terms, One muſt (of neceſſity) be in the Midale, 


and the other Two in the Extreams Therefore the Circular. 


! * * 2 4 1 , 3 | 
b | 


\ 7 g . 


Plate VI . From Tape Fi, to Fage o. _ 1 "Hers 


Part of the Middle Term, is called the Middle Part, and the Fig. XXI. 


Circular Parts of the Exiream Terms are called the Extream 
P ar [ 4. | ON 


V. But the Extream Paris may be twofold, either Conjunt, or 
Disjunt{: For thoſe Three Terms (beſides the Right Angle) do 
come in queſtion, according as the Iwo Extreams are from ei- 
ther Part immediately joined to a third Mean, or are diſfjoined 
from the ſame, by a Side or Angle interpoſed on both des: 
So are their Circular Parts named, Extreams Conjunt, or Ex- 


' treams Disjuntt. 


VI. But of thoſe Thrce Terms which may fall in queſtion, we 
will ſubject all their Varieties in their Circular Parts, accor- 
ding as every one of them ought (in reſpect of each other) to 
be called, The Middle Part; and which, The Extreams Con- 
cvs by D:5junt, as in this following Synopſis is fully demon- 
trated. | | 

| The Analyſis or Synopſis. 


— Ro = 


Middle Part. | Extreams Conjuntt. | Exireams Disjuntt. 


Side AB | Side A C and Comp. B Com. B Cand Com. C 
Side AC | Side AB and Comp. C | Com. B C and Com. B 


= Compl. B | Side AB and Comp. BC | Side A C and Com. C 
= )}Compl. C Side AC and Comp.BC | Side A Band Com. B 
Compl. B C | Comp. B and Comp. C | Side AB & Side A C. 


Which Synop/is is thus to be Read and Underſtvod: Example 
of the x Line. If the Side A B be the Middle Part, then is 
the Side A C, and Comp. of the Angle B, the Extreams Conjunct. 
Mud. the Gr p of the Side BC, and Comp. of the Angle C, the f 
Extreams Disjuncl. And ſo of all the reſt. SO, Ws 
And here it is to be noted, That the Sides A B and A C, are 
Suppoſed to be joined together, (as one entire Part, becauſe the 
Right Angle at A, 28 not reckoned amongſt the Circular Parts. 


VII. Therefore, In the Re/o/ution of a Right-angled Spherical Tri. 

angle, to know the Mean, and Extream Parts, you mult ob- 

ſerve, That --. -- 5 
1. If One of the Three Terms (which, beſides the Right An- 


gle, come in queſtion) doth ſtand alone by it /e/f, ſevered ** ä 
| . | the 


Janua Mathematica. 
I. the other Tuo on both Sides; (as the Side B C, from the Sich. 
CA and Ba, by the Angles B and C interpoſed) that ſhall be 
the Mi dalle Term; and ſo its Crcular Part ſhall be called the 
Middle Part; and the other Two Circular. Parts are the Ex. 
treams Disjuntt. But, * 
2. If the Three Terms do immedistel) adhere together, the 
Middle Term doth eaſily ſhew the Middle Part, and the Ex. 
tream Terms, the Extream Parts Conjuntt. 


Theſe Things being all rightly underſtood, the whole Tri 
 gonometry of Sphericals will be abſolved by this Oe Pro. 
Paſition; which therefore we will call Catbelick or Un; 
verſal. 


Propoſit ition te 


The Line of the Middle Part and the Radius, are Recipro- i 
cally Proportional, with the Tangents of the Extream 
Parts Conjunct ; and with the Co- ſines (or Sines Com- 
plement e) of the Extreams 2 That is, 


As the Radius, | 
To the Tangent of one of the Fxtreems Con unte; 
So is the Tangent of the other Extream Conjunct, 


To the Sine of the Middle Part: '& contra. 0 
; Then alſo, 
; 4 the Radias, 
Io the (Corine of one of an Extreams Disjund. x C01 
So is the Co-/ine of the other Extream Digjuan, Wil 
To the Sine of the Middle. Part : & contra. EY t 
COROLLARY = 7 


I. If the Middle Part be Sought, the Radius ſhall be in the Firf 
Place of the Froportion : But if one of the Extream Parts be 
Sought, then the other Extream ſhall be in the Firſt Place. Of 


the Second and Third Places, it aaa ; horing how. they 
be _— 


- 


i, 


I. If the Extreams ting any. pr portion) be Diſtin@ from the Mid. 


"of 


R 


1 be BF Parr, the Proportion will'be performed by Sines only: But 
the if the Extreams be Conjuntt to the Midale Part, it muſt be per. | 
Ex. formed by Ones. and Pangents' jointly. | 
the The Demonſtration of the Univerſal Propoſits on is obvious 
Ex. W-nough: For, where the Extream Parts are Disjunt, the Propor- 


zone differ nothing from the common ones: And in the Ex- 
reams Conjuntt,. where it is commonly ſaid, 


| As "Rad! us, to the Tangent, 
We here ſay, 
As the Co- Tangent, to the Radius. 


od likewiſe Inverſly and Contrarily ; which is plainly the ame 
hing: Becauſe, = 


The Radius 28 4 Mean Proportional, Gees the Tangent / 
w en Arch, and the Tangent Complement of the ſame Ach. 


'ote, That when a Complement in any Proportion doth chance to 
concur with a Complement in the Circular Parts, you muſt then 
(always) take the Sine it ſelf, or the Tangent it ſelf; inſtead 
of the Co-/ine, or Co. Tangent, in the Circular Parte: Becauſe - 
the Co. ſine of the Co ine, is the Sine it ſelf, and the Co tangent. 
of the Co-tangent, is the Tangent i t-fels;; ©: 

s is the Sixth Caſe following; where GB and C A are given, 

d the Angle at B is required: Here C A is the Mrddle Part, 
d CB, and B, are the Extreams Disjunt? : Wherefore (by the 

cond Part of the foregoing Corollary) the Proportion will be per- 


treams, CB, and B, fall upon 8 in the Circular 


uſt ſay Sine B C, and Sine B. 


Right. angled Spherical Tri __ in an the Caſes thereof. 


med by Sines only. — And (by this laſt) becauſe the Tuo 


"CHA Þ-. 


arts ; therefore, inſtead of Co-/i ne B C, and oo ine B, you | 


Theſe Things premiſed, we will exemplitie in the Solution of : 
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Te Analogies, or Proportions, for the Solution of the ſeve 
ral Caſes of Right-angled Spherical Triangles, by the 
Univerſal Propoſition. F 


Eg. XXI. WO R the Performance hereof, I ſhall make uſe of this Rig 

- Diagram T angled Spherical Triangle. A B C, Right-angled at A, the 

Quantities of whoſe Sides and Angles are adfixed to their re 

ſpective Circular Parts in the Diagram noted with B, in Fig. XX 

And alſo in this Table, both in Sexagenary Degrees and Mixutcs, 
and in Decimal Parts alſo. : 


[ VVV | Cent. | 


BC —— {66 30 | 66.50 
CA— 51 30 51.50 
BA — 50 10 50.16 
| <B—— 58 35] 58.58 
| <C—— 56 52| 56.85 


And in every Caſe I ſhall diſtinguiſh the Two Given Terms, (be 
fides the Right Angle, which is, always the zhird) by marking 
the Sides or Angles Given, by a ſhortStroak, (1), and the Tern 
Required, I ſhall mark with (o.) All which are to be ſeen in 


The XVI Cafes of Rjght- angled Spherical Triangle, Reſolvet, 
The Hypotenuſe B C, and the Angle at C, given; To find 

Eg. XXI. CASE I. The Oppoſite Side A B, the Middle Part. 
Get As Radius 90 Deg. % $00 
* To Sine C, 56 Deg. 52 Min. „„ -- —v293N 

So Sine B C, 66 Deg. 30 Min. 9.962390 

To Sine B A, 50 Deg. 10 Min. N 19.885 33 u 


CasSE 


Cc AS E n. 7 be Side Adjacent A G Extream ConjunR. 
As Co-rangent B C, 23 Deg. El 25383019 
. l ee T74k 


To Radius, 90 Deg. FAN - 
So: Co. ſine C, 33 Deg. 8 Mn. 21052326611 


To Tangent C A, 51 Deg. 30 Mn. f 1083 


— le Hypotenuſe B C, and Side A C,. given, to fond 


As Sine B C, 66 Deg. 7 „ 9.5623978 
To Radius, 90 Deg. Ke + 10. 
So Sine C A, 51 Deg. 30 Minn. 1 8935444 
"To Sine B, 58 Deg. 33 VPV 9.93 11466 


As Radius, 90 Deg. 5 


So Co-tangent B C, 23 Deg; 30 Min. | © - 19.6383019 
To Conne C, 33 Deg. 8 Min. 78975769 


As cosine C A, 38 Deg. 30 Min. ; 13 22545 


| To Radius, 90 Deg. NEE 10. 
So Cofine BC, 23 Deg. 30 Min. 222.8006997 


AY Die, BA 39 Deg. 50 Min. 6 . NN, or © 9:8065501 


-C4 S E III. The other Angle B, Extream Conjundt. 
As C Tangent C: -33 Deg. 8 Min. 95 : | 28147277, 
To Radius, 9o Deg. © n 
So Co. ſine BC, 23 Deg. 30 Min e e<LEþ eee, 
To - Cows B, 31 Deg. 25Min 8 97850 


To Tangent C A, 51 Deg. 30 Min. | | 100993908 * 


ca. m. 


2 ASE IV. The Oppoſite Angle at B, Ex. Dig. c Iv. 


CASE V. The Adjacent Angle c. Middle Part. _ oO V. 


J 


CASE VI. The other Side A B, Extream DisjnQ. of VI. 
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Fig, XXI. The Side A 2 and the Angle 2 ire there 70 B. being Given, j 


ciel. CASE vll. The other Side BA, Middle Pare” - 


As Radius. g0 Deg, TREE 


To Kangent C A, 51 Deg. 30 Min — 
So Co. Tangent B, 31 Deg- 2 „ 2804 


To Sine B A, 50 Deg. 10 Min. 5 | x9 8852952 i 
caſevIll. CAS E VIII. The other Angle at C, Extream Disjundt. 


As Co- ſine C A, 38 Deg, 30 Min. 55 _9:7941496 


To Radius, 90 Deg. : 8 ID 
So Co- ſine B, 31 Deg. 25 Min. 29217 05˙56 
To Sine C, 56 Deg. 52 Min. S. 9229030 


Caſe IK. CASE IX. The Hypotenuſe of C Extream DisjunR. 


As Sine B, 58 Deg. 35 Min. 1 21922 


To Radius, 90 Deg. . 553 | 
80 Sine CA, 51 Des 30 Min. 5 9927440 


„* 


Io Sine B C, 66 Deg. 30 Min. 99623922 
The Side C A, and the Angle . adjacent thereto, given; To 8 
Coſe Xx. C4 SE X. The other Side A B, ExtreamConjunRt. | 


As Co tangent C, 33 Deg. 8 Min. 23742221 


Io Radius, 90 Deg. 8 Min. EIT 1 | 
So Sine C g, 51 Deg. 30 Mn. 3 


| ay Tangent B A, 50 Deg. 10 Min. 5 100783167 
CaſeXI. * CAS E XI. The other Angle B: Midi Part. 


5 as Radius 90 Deg. i | 20. I 
10 Sine C, 56. Deg. 52 Min. 3 9.922934 

So Co-fine CA, 38 Deg... 30 Min. 8 9. 22240490 
To Co- ſine B, 31 Deg. 25 Min. |  x9-7170v30 


EE; > + Cul 


ls Tangent CA, 5 r Deg, 30 Min. 


To Radius, 90 Deg. * 
80 Co- ſine C, 33 Deg. 8 Min. 


To Radius, 90 Deg. 
So Sine C 51 Deg, 30 Min. 


As Radius, 90 Deg. 


So Co-fine B A, 39 50 Min. 
To Co-fine C B, 23 Dee. 30 Min. 


— 


of Spherical T angles | 
c 4 8 E att The Hypotenuſe B 5 Ertream Conjunet. 


To Co-tangent B C, 23 Deg. 30 Min. 
The Two Sides, A C and A B. given; To find 
© ASE XII Either Angle, as ©;  Extream Conjuntt, _ | Oe 


As Tangent B A, 50 Deg. 10 Min. | 


To Co-tangent C, 33 Deg. 8 Min. 25 5 N | 
CASE NIV. The Hypotenuſe C B: Middle Part. 8 . - 


To Co-fine A C, TG 30 Min. 


The Two Angles B and C, given; 5 find > 
CAS E XV. Either of the Sides, as A C: Extream Di Junct. Caſe Xv. 


AS Sine C, 56 Deg. 52 Min. 99229334 
| To Radius, 90 Deg. 10. 
So is Co-ſine H, 31 Deg. 25 Min. 9.20526 
To Co- ſine C A, 38 Deg, 30 Min. 9.7941 192 
CASE XVI. The Hypotenuſs BC: Middle Par. Caſe 
As the Radius, go Deg. . * 
To Co-rangent CG, 33 Deg. 8 Min. N 9.8 147277 
So Co- tangent B, 31 Deg. 25 Min. 2.28 TY 
To Cofine BC, 23 0 W 2 798606287 : 
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Fg. XXI. Note, | Theſe. are e the N e to the L fl 

f Propoſition, yet may (many of them) be. varied; for that 

the Radius may be brought into the t Place, and that by 

the latter part of the foregoing Corollary: Which fays— | 
+.  Radirss is a Mean Proportional between: the: Tangent of an 
Arch, and the Tangent Complement of t be ſame Arch, —8⁰ 
— (in the XIIIth CASE) where it is fad, 8 


— — * 
* bode a | — —— > AI. — — SO I. — — — — — 
— = — — — — — — — pe - 
— — ——— i \ l 
* F3 : 


of - 2 _ — — — « 4 
OT OR EU I AER” = 
——— CORE DT SOOT Ei one ORE TP 
— -. RY - P - * _ a - aa bs > 
— | ©. \ 
"- 


1 As the Tangent B A, Is to Radius: 1 ; 
| | X So is Sine C A, To Co-rangent . A, 1 
1 [ „„ all one, as if you thoul fy,. [240567 20 
is As . 90 Deg. a | 5 1 
Too the Co- tangen B A, 39 beg 50 Min 7 8 "6222406 
So the Sine of CA, 5 1 Deg. 30 Min. 8937444 


Io the Co-tangent of C, 33 Deg. 3 Min. 9.81 57910} 


Jt E . The like Courſe may be taken in the Second, Third, 7. enth | 
—_—_ and Twelfth CASES. 
' | And thus you have the ale Doftrine of the Dimenſion of 


0 = Right angled Spherical Triangles, e by H lp of E on 
N Catholck 18 0 I 
EBT YA; FRE N E — * : 8 7 3 8 . 
"LIM 3 — - : M05 01 „ CGH A Wes IV. 
1 Some ben concerning Oblique- angled Spherical | 
_ — — Triangles, in order fo the' Solution * them. — 


. 1 N Oblique-angled Spherical 1 there are XII Geer, Ten [ 

$4.7 of which may be reſolved by the Univerſal Propoſition, but 

then the. Obligue Triangle muſt be reduced into Two Righe an- 
Lied Triangles by help of a: Per —— let fall, ſometimes 
def ſometimes without, the Trangle: And to: know. Whether 
. it fall 2751 or wir hour, the ſubſequent Rules are to be obſęryed. 
| ( — - 'RULETL If the Angles at the Baſe of the Triangle be both of the 
1 ame Affeclion; that is, both Acute or Obtuſe; the Perpendicu- | 
lat. let fall from the Vertical An ge ſhall * within : But if 2 | 
"Ja * * . 9 
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As in ths 008 eg 15 A B C whoſe Angles at B "Fs. A 
and C are both Acute, the Perpendicular A D ſhall fall within l. . 
he Triangle : For, if it fall not within, it muſt be the ſame with _ " 
dne of the Sides, or elſe it muſt fall without the Triangle: If it 
be the ſame with either of the Sides, then the Auge at B or C _ 

uſt be a Rgbt Angle; which is contrary to the Propofition: Hie 
fall withour the Trianele, as ſuppoſe at E, then the Angle AEB 
ſhall be a Right Angle: But the Angle ABE i is O»tuſe,, for it is 
the Complement of the Acute Angle AB C, and therefore te | ' 
Side A E is grearer than a Quadrant: And the Angle ACE be E Rg. 
Ing Acute, A E ſhall be alſo leſs than a Quadrant: But, that XXII. 
6 ſame Side ſhould be both More and Leſs than a Quad ant, ; 
|; abſurd ; And therefore, in this Cafe, the enen, 1 all | 
fall within the Triangle. - >: 
But, In the Triangle A E B, Obruſe-angled at B, and Acute at 8. 
| the Perpendicular. Fa D hall fall without the Triangle upon 
the Side EB, contrived : Or, if otherwiſe. ir, muſt be the ſame 
with one of the Sides, or fall within the Tr1ang/e: It cannot be 
the ſame with either of the Sides, for then the 4»g/e ar B or E 
ſhould be a Right Angle: And it cannot fall within the Triangle, 
becauſe then the Ang/es at B and E muſt either be both Obraſe, 
or both Acute, as hath been already proved. If therefore the 
Angles at the Baſe be of different As, the N cular ſhall 
fall without; as was to be proved. 

However this Perpendicular falleth, it muſt be always oppoſi ie 
o a known Angle; and for denn Direction herein, ny To Ge- 


eral Rule, | - _ 


RULE II. Let your Perpendicular fall 6 the E mr 4 Side 
given, and adjacent to an Angle given. 


As in this Triangle A B C, if there were vel the Side A 1 

and the Angle at A; by the former, and this, Rule, the Fehn 

cular muſt fall from B upon the Side A C. 

But if there were given the Side A C, and the 4 at A, the Eg. 

775 rpendiculgr muſt fall from C, ech. the Side A B, continued XXIII. 
And to Know whether the Side upon which the ee  -: 

erle- ſhall fall, muſt be continued or not, is no more than to | 

ak whether the Perpendicular muſt fall within or without the 

[riangle. But, if the former Directions be not . 


ello will determine it. For, 


aulE 


N 7 * * 


— 


Fre. 


XXIII. 
© Perpendicular hall fall without; if leſs, within the Triangle. 


Baſe, or the Angle at the Catbhetus, or Perpendicular, is found; a 
diligent Care being had to the Addition or Subſtraction of them: 
The ſecond Operation will be performed by one of the Four fol. 


RUL E I. The Sines of the Baſes, to the Tangents of the Angles 


e 
RULE III. F the Ark found at the firft Operation (whether it 
be of a Side or an Angle) be more than the Arch given, the 


And this will plainly appear in the Solution of the fol. 
lowing Caſes. FE | PE SO | 


General Rules to be obſerved in the Second 3 of the $6. 
lution of Oblique-angled Spherical Triangles, when they are 
reduced into Two Right-angled Triangle. | 


Atter the firſt Operation, whereby either the Segments of the 


lowing Rules. 


RULE I. The Sines of the Complement of the Hypotenuſes 
to the Sines of the Complement of the Baſes; are in dirett Pro- 
portion. So, 75 


43A: DA: cBCIie D C. 


at the Baſe, are in Reciprocal Proportion: So, 
BA. DA: B D: 225 70. 


R UL E III. The Sines of the Complement of the Angles at the 
, Baſe; to the Sines of the Complement of the Azg/cs at the 
 Cathetus (or Perpendicular) are in direct Proportion: So, 


: sBCA 4 DCA: : 0B: B: co D. 


RULE IV. The Tangents of the Hypotenuſes, to the Sines of 
the Complement of the Angles at the Cathet (or Perpendi- 
cular) are in Reciprocal Proportion: So, 


cs BCA: cs DCA: : c BC C.:::rDC: :BG 


* 


c Spherical T matt, ä 


=© H A P. V. : HH y 
le. 
fol The Solution of Oblique-angled spherical Triangles: "B : 


letting fall a Perpendicular, whereby the Oblique Trig 


. _ gle & # Reduced into Iwo Right-angled. 
Hh. 
5 CAS E * In the Oblique- angled Spherical Triangle A B gere 
is given, the Too Sides A B and BC, with the Angle C, oppo- 
* th ite to BA; to find the Angle at B: If it be alſo known whe: 
j. ; ther the enquired Angle be Acute or Obtuſe. . 
em: . 5 Analogy. 
4 0 BA BC C 1ͤ -- 
uſes For by the Univerſat Propoſition, NM 
Pro 1) As Rad: AB: 5A BD. 


a) As Rad.: BG. 2 C273 b 
Thereſore, 


les ASSAB : d 1 A. . 
CASE II. Tro Angles, A and 6 and as Side B 2 py ze 10 
the Angle A, given; To find the Side B A: If it be known 
the whether the enquired Side be more or leſs . a Quadrant. 
the 


I he 5. I _ 6. © 
As 74 s T 3 C 1B A. 8 „ 


CASE II. Ehe Oblique-angled. Sphe en Triang fe A CD, 
there is given, the Two Sides A D and A C, ws the Angle 
DAC, contained by them: To find the third Side DC. 


In this Caſe the Perpendicular may fall from the Extremity of Eg. 
either Side, but oppoſite to the Ang/e given. + N 
Analogies. „ | 

4. Rad. : : cs, DAC: r. AB L 

And AD — AB=BD in Trias B 
But AD + AB = B D 15 Hon It. C3 SHA 

60 1 U . nen 3 

37 ET 1 BC: : 75 © DE. 


— 


33 


Fig. 


XVI. ag oo. AB. AC: ico B D. . DC. 
(2) Ser OD: Rai: : co ADC: 18D 


CASE V. Tuo Sides C A and D A, and their contained Angle 


12 . either of the Sides, 37 to the Angle given. 


the Wen Side, on the Side enquired, continued, if need be. 


* 5 * 


„ * * 706 


"Fania Mathematica. | 


| Therefore, 


' CASE IV. Two Sides A CandD C, with the Angle + ADC, 
oppoſite to A C given Ta find the third Side A D. 


In this Caſe, Let the perpendicular fall from ther Cams of 
the given Sides, upon the Side enquired, continued, if need be. 


Analogies. 


Ne. BD: g. C D:: Rad.: cs. CB. 
(3) As cg. CB: Rad.: : c AC: c AB. 
„„ Tae, 
cs. CD: cs BD: : cg. AC: ce. AB. 


And, B DP LAB = A5 in the firſt ph 
And, BD—AB= AD in the ſecond Try zangle. 


CDA given; To find one of the other Angles. . 
In this C2/e the Perpendicular may fall from the Extremity 


Analogies. 


Rad. : : ED 6 AB. 

in the MES); 
B D. in the ſecond i iangle. 
— : . A-Þ :: Rad. 2-4, BC 1 
b Rat 5. BD: ct. ADC. 


Therefore, 15 
45 AB ct. CAD: 27 BD: er. aD c. 


CASE VI. Tro Angles, AD C and A D, and the Side A C, 

ap poſite to one of them being given; To find the Side berwern 

them. If it be known whether the Side ſoughr, or the Sid 
oppoſite to the other given Angle, be Acute or Obeuſe. 


In this Caſe, Let the Perpendicular fall from. the Extrernit of 


Analogis | 


* 
% 


0 As Rad. 1. BC: En ADC: 
To £ | Therefore, | 


As ct. CAD: 4. B:. ct ADC: «BD. | , 
And, A B þ BD—AD in ihe iſt I mult. 


CASE vn. Tuo An 1 DAC ADG and the Side N 
A C, oppoſite to one of them, (viz. D) being given; To find XXVI. 1 
855 other Angle ar C. If it be known, whether the Angle en- Caſe VII. WT + 3 = 
2 5 the Side oppoſite to the other FRO Angle, be Acute 5 1 
or Otuſe | = f 


In LISTS Ca 2 Let the Perpendicular fall from the angle en- 
quir 
Analogies, Ne OY © 


(1) Ar CAD : Rad. : co. AC: : ct. AC B. 
(2 As s. ABC: co. CAB : „e 
(3) As co. BC: Rad.: : co. BDC: . B C D. 


i | | | Therefore, 


— ACB:: c--RDC : « BC 
"And, ACBEBCD=ACD inthe iſt 7 8 
But, BCD—ACB=A C Din the 2d 7 N 


CASE VIII. Two Angles, A CD and CA D, with the Side Fie 
| | between them, A C, being given; To find the third AngleD. XVVI. 


In this Caſe, Let the Perpendicular fall from the . of CaſeV VII. 
the given Side, and oppoſite to the Angle enquired. A 


IJ 


Analogies 


(1. 515 cr, Ca B : Rad. : 30555 C: ct. ACB, 

n 3 a in the 1 BE. 
But, ACDÞSACB=BCD in the 2d $ Triangle. 
(2.) ASs. ACB: cs. CAB :: Rad. . cs. BC. 1 
(3.) As Rad. : 68. BC: BB C-DB. | 
N RC 5 ; 


AC 
ween 
Sid 


ty c 


— n 
ag "PS en, = Fo +: 
— — 5 — 2 — 1 


Dr 
+ + ;,- 4 


— 
— 

* auth . 7 

» . — „ 


XXVI. 7zween them, AC, b 


Caſe IX. contained Angle A C D. Tf it be known, whether the enquired 


= | * — 
15 5 Ps Therefore, | 
As . ACB: CS. CAB 14 BOD: cc ODB:. 


He. CASE IK Two Sides, AC and C. D, gan ch Angle ADC 
XXVI. oppoſite to one of them, (viz, AC) being given; To findgheir 


Angle, or he Angle oppoſite to the other given Side, be Acute 
OT Obruſe. | 


In this C. 8 Let the Perpendicular fall fo the Angle en 


quired. 
 Analogis. 


(i.) As ct. 'CDB: Rad. : ; cs. CD: cr. BCD. | 
(2. As ct. CD: 42. BG D': : Rath t. BG: | 
REN: © . BC: et AC: co. ACB. 


Therefore, 


As ct CD: co BCD: 16088 mm 
nd B C CB == in the 1 1 a 
But BC D- A CB YA CD in the 2d 5 Triangle. 

DD 


Fig, CASE X. Two neles, AC and A C D, with the Side be- 
eing given; 5 7 find eit ther of the other 


Caſe X. Sides, D Cor AD. 


In this Caſe, Let. the 8 fall from the Concourſeof 
the Side given. and ſought, on the third _ continued, 


. ͤ } 


if need be. 
| 7 Analogies. 
ec Rad: : : . A C: t. AC B. 5 
| And, ADAC BZ BCO in the iſt Tata le, 
But, AC DT ACB= B O) in the 2d F * 
(2) As c f. AC: 3 : „ BCG: 1 . 
439 4 - Rad. : c BCD: ct, C D. 
Therefore, 


. BCA: ct. AC: BCD: cb. 


4581 


ca 1s 2 SY . Thiee Sides un 157 75 1 findn Atgle. 


For the teſolving of this Problem, there muſt be ſome Prepara- 
tion made; for that the Univerſal Propoſiti Hion of the Lord Neger 8 
is not, of it ſelf, ſufficient for the Solution of this or the follow- 
ing Caſe. + And "therefore, the {aid Lord Nepier's, to bring theſe 
Caſes within ſome Compaſs of this his Univerſal Propofition, he 
firſt finds the Difference of the Segments of that Sg; which be- 


letting fall of a Perpendicular, and by help of this 
ANALOG T. 


as the Tangent of half the Bf 

Is to the gen of of half the Sum of the other Two Sides; 5 
So is the Tangent of half the Difference of thoſe Sides, 
Io the Tangent of half the Difference of e of the Baſe. 


Thus then, 


In che Ob ige. angel Spherical Triangle A C D, there is given, 
the Two Saler 5 Legs) A C and C D, rogether with, _ 
Baſe A D; to find the Angle C A ws IV, 


Analogies. 


As the Tangent of half A ö | | 

Is to the Tangent of half ACandA D: 3 

So is the Tangent of half the Difference of AC and A D, + 
To the Tangent of half AE. * 


But bal A E — half AD = B E or BDI in the 24 
Hence, to find the Angle . 
As Rad. 1 AC: : t. AB: , CAB. 


CASE XII. 4% Three Angles being given ; I ful a Side. 


This Caſe is but the Converſe of the laſt beforegoing, and is to 
be Solved after the ſame manner: If ſo be that we convert the An. 
g/es into Sides, Which, how to perform, is ſhewed in the 12th 
(he of the following Trad of the Solution of Oblique-angled _ 
rical Irt angles, without letting fall a Perpendicular. 


Fe.” 
XXVI 


Caſe RI, 


ing made the Baſe of the Triangle, is divided into Two Parts, 7 YE 


Fig. 


And half AD T half AE=AB in the iſt. a Þ trig * it 


g. 


XXVII. Pp = 
Caſe AI. 


L 2 | 1 And 


F : MEDIC. 7 2 l * * 2 * * * a * 8 
* 4 s 8 8 e ad : OY TW 
3 7 , 
9 » . 25 8 7 
* * 
x . = £ * t 


_ + 


\ = Wy * 
K 


* 


Eg And for the W or Nene es for ihe Reſolving of this 


XXVII. * there are alſo Two "Os ente to which | refert * 


. ö 4 ad : 2» 


CHAP. VI. 


The 8 XII Caſes, of Obliguc-angled bene Tri- 
angles, Geometrically Demonſtrated, and R — with 
out letting fall 4 Perpendicu | 


TOR the Performance of what is here promiſed; theſe Six 
F Theorems Ron being demonſtra ted, will clear.. 


| THEOREM I. 
10 any Spherical Triangle, whether Right or Oblique-angled. 


The Sines of the Angles are Mr TOY to the Si nor of their op- 
poſite Sides: & contra. 


This is demonſtrated in Sell. 1. Chap. 4. of Righr-lined Tian 
gles, and is the. ſame in . Tri angler, whether. WT 
Oblique Angular. ö 


THEOREM . 


In all Oblique-angled Spherical Triangles, whoſe Three Sides ta: 
gether are leſs than a Semicircle, or 180 Degrees. 


As the Sine of half the Sam of the Angles. at the Baſe, 

P to the Sine of the half Difference. of thoſe Angles : 5 
So is the Tangent of half the Baſe, 
To the Fangent of half the Difference of the Sides. 


3 | ET And alſo, 


As the Co. ſine of balf the Sum of the Angles at the Baſe, 
Is: to the Co. ſine of half the Difference of thoſe Angles | 
So is the Tangent of half the Baſe, 
To the 2 8 7 Hal, 3 Sum 7 the Sides, T 


DEMONSTRATION. 


I. It is already proved; That, Hi mw. 

The Sine of the Sum of the Angler B aa E, | | XXFinl. 
[s to the Sine of the Difference 0 theſe dngles B and E, oh 

As-the Tangent of half the Baſe B E, 

Is to the Fangent of haf BC, | 


And* multiplying the latter part of this Prot tion, b the he ran. 
92 of half the Baſe B E. It is, port y 


As tbe Sine of the Sum of the Angles B and E, : 
Je to the Sine of the Difference 74. thoſe Angles B and E= 
So is the Square of the Tangent of half B E, 55 
To the Rectangle made 0 "rhe Tanger of half B E, and as Fer- 
gent of half B. C. 


But, the Rectangle made of the Thomas of half B E, ad; the - 
Tangent of half B C, is equal to the Rectangle made of the — 
Tangent of the half Sum, and half Bi es of the — B A | ® 
and 1 E: Therefdbre, i 4 


As the Sine of the Sum of the Angles Fond 3 
Is to the Sine of the Difference of the "— np B and E; 
So is the Square of the Tangent of half B 
Io the be ellangle made of the Tangent o . the batf Sum, an * 5 77 
Difference of the Sides, B- A and A | 


And the former Part of this Proportion, being audi lied by the 
Sine of the Sum of the Angles B and E: It i IS; a * 


As the Square of the Sine of the Sum of the Angles Band, 

Is 70 the Refangles made of the Smes of the. hi and Difference 

of. thoſe Angles; _ = 

So 7s the Square of the Tangent of balf B 

Tathe. Rectangle made of the Tangente of the 54% Sum, and batf- | 
Difference of the Sides BA and AE. 3 


But, the Rectangle made of the Sines of the Sum and Difference: 
of the Angles, is equal to the W made of the Sum and: 
INES of the Sines. 


Tri- 
1th 


Six 


-0p- 


ian: 
Ok. 


to- 


| And P | N 1 3 
5 the eser of the Sine of the Sum of the Angles B and E, 1 


„ 


185 
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ls to the Raftanele made. of the Sum and Difference of the Sies, 
Ki. So is the Square of the Tangent of half B E, 
To the Rectangle made of the T f. ent of the half e, and half 
Difference of the Sides B A an | 


Hm. As the Difference of the Sines of B 15 E. 
Ie to ibe Sum of the Sines of the Angles B and E; 8 
So is the Tangent of the half Difference of the $ ides, 
Tothe Tangent of the half Sum of the Sides B A and A E. 


And multiplying the former Part of this Proportion, by the Dif 
ference of the Sines of the Angles; and the latter Part thereof 
by the Tangent of half the Diffetence af the Sides A B and 


A E: It will be, 


As the Square of the Difference of the ines of B and E, 

b to f pai; made of the Sum and Difference of the Sines 
of B an | 
So is = Squats of the Tangent of the half Difference of BA 

an 
Io the Rectangle made of the Tangents of the 70 Swan and Half 
Difference of the Sides. 


But, by the Firſt Section of this Demonſtration it is proved, That, 


As the Square of the Sine of the Sum of B and GS 
Is to the Redlangle made of the Sum and Difference of the i ines; 
So is the Square of the Tangent of half B E, 
To the Rectangle made of the Tangents E:) the balf Sam, and half 
pena of the Sides. 


Therefore, | | 


As the Square of the Sine of the Sum of B and E. 
Is to the Square of the Difference of the Sine of B and Ez 
So is the Square of the Tangent of half B E, | 
To the — of the Tangent of half the Difference of the Sides. 


| And alfo, 
4 the Sine of the Sum of the Angles B and E, 
Is to the Difference of their Sines; e | 
So is the Tangent of balf the Baſe BE, : b 
Io the Tangent of half the ba of the 8 ides B A and AE 


But, 


As the Sine < OF kan pan SR i. -* 
Is to the Sine of their half Dilrence, - E xNin 

So is the Sine of the Sm, 85 8 
To the Pitteteupe of the Sin 


And therefore, 


As the Sine of the half Sum of the Angles B and E, 
BB ro the Sine of the half Difference of B and Ez 
So is the Tangent of half B E, 
To the Tangent of half the Difference of the Sides B-A and A E, 
which is the firſt Part of the Propaſition. | 


III. Having already proved, —That the Sum of the Sines of the 

| Angles Band E, is to the Difference of the Sines of thoſe Angles; 

as the Tangent of the half Sum of the Sides, is to the Tapgene 
of their half Difference. Therefore, | 

If you multiply the former Part of this Proportion, % the Sum 
of the Sines of the Angles of B and E; and the latter Part 
thereof by the Tangent of the. half Sum of the Sides of AB 


es; 


half 


and AE: Then it will be, 


As the Square of the Sum of the Sines of B and E, 
Is ro the Rectangle made of the Sum and Difference of the Sines x: 
So is the Square of the Tangent of half the Sum of the Sides; | 
To the Reftangle made of the Tangent 7 the WF w_ and half | 
Dre 1 the Lues. | 


But, 


As the OWN of the Sine of the Sum of B:and E. 
Is to the Rectangle made of the Sum and Difference of the Sinesʒ 
So is the Square of the Tangent of half B:E, 
To the Rectangle made of the Tangent. of the half gun, and d elf Dif | 
ne of the Sides B A and RAE. 


Therefore, 


As the Square of the Sine of the 9 of B and E 
Is to the Square of the Sum of the Sines of thoſe: At rgles+; 
. So is the Square of the Tangent of half BE, 

To the 3 of the e of the. Jos Sam of the Sides B 4 
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| II As the Sine of the fs of the Angles B and EE 
Is to the Sum of the Sines o o 'the Angles B and E; RN 

So is the Tangent of half the Baſe B E, 
To the Tangent of the half Sym of the Sides A B 2 AE „ 


But, 


As che Co-fine of the Sum of B and E, 
Is to the Co- ſine of the Difference of the Angle B wi E; 
So 7s the Sine of the Sum of the Angles B and E, | 


To the Sum of the Sines of the ſaid Angles. 
And therefore, 


| a the Co-ſine of the Sum of the An oles B and E. 
Is to the Co. ſine of the Difference of the Angles B and E; 
So is the Tangent of half the Baſe B E, > 
To the Tangent of the half Sum of the Sides AB and AE. 
Which was to be Demonſtrated. 


THEOREM II. 


In all Spherical Triangles : 
As ihe Difference of the Verſed Sines, of. Te Sum and Diferens 
e any Tro Sides ( including an Angle,) 
I 70 the Diameter; ; 


So i the Difference between the Verſed Side of the Third Side, 
and the Verſed Sine of the Difference of the other Two Sides, 


To the V. — Sine of the Angle comprebended by the ſaid Two 8 ide, 


DEMONSTRATION. 


Be. Let the Sides of the Trian gle ZSP be known, and let the Ver 
Mx. tical Angle be S Z P: Then ſhall Z S, the one Side, be equal v f 1 
2 R, and P R equal to their Sum; and P B the Verſed Sine of ir 
PR, and P C, is the Difference of the Sides Z 8 and Z P, and th 
the Verſed Sine of P C, is PM. 
Now then, M B is the Difference between B P, the Verſed Sine 
3 of PR. the Sum of the Sides, and P M the Verſed Sine of P 0 
TD the Difference of the Sides. 
M H is the Difference between P H the verſed Sine of P 8, N 


To M the Verſed Sine of P C the Dilterence of the Sides: Q 
is 


1* © 31% 
. iii 
„ e 


is the Diameter, and O ö the Verſed Sine of P Z. S the Angle E 2. 


lel, by the Work, their Inter- ſegments MB and R C, and alſo 
MH and 8 C, are proportional. | 


And therefore, 1 
: R 4 . SC, 


MB: MH : | 
RC:SC::QV:0v; 
' Therefore, M B:MH::QV:0 F. - 


Or, MB:M H : : half av: half O V. 
Wh:ch was to be Demonſtrated. 
THEOREM IV. 

| In all S pherical Triangles; 

* As the Rectangle of the Sines the Sides containing rhe angle | 
enquired, 

[s to The Square of the Radi, 
So is the Difference between the Verſed Sine 1 the Baſe, and = 


Verſed Sine of the Di fe rence of the other Two Sides, 
To #he Verſes Sine of the Angle ſought. - 


DEMONSTRATION. 


rence | 
Let the Sides of Triangle A E K be given, and let the Angle at Egg. 


Cite A be enquired; and from O, let fall the Perpendicular O B. XXX. 
1 Now then, OE being the Difference of the Sides A E and 
FS, AK, equal to AO; the Right Line O Q is the Right Sine there - 


of, and E Q the Verſed Sine. In like manner, S M is the Right 
Sine, and E M the Verſed Sine of E S; that is, of the Baſe EK; 
and M Q or OB, is the Difference of thoſe Verſed Sines. * 


> Vet. OK, is the Verſed Sine of rhe Angle OA K, in the Meaſure of 
al to the Parallel OF; and D & is the Verſed Sine of the ſame Angle 
ne of in the meaſure of a Great Circle, whoſe Diameter is. H D. Now 
and then, becauſe of their like Arches, it ſhall be 


— 


„oc: Dodbx „ 0 0 


And bediivly NE and O K are Parallel, as alſo E C and O B, the 
Angles B O K and CE N are equal: And the Triavgles E CN 
and OKB like, and therefore the Sides N E, B C, O B, MQ 
and O K, are Proportional: -= it will * 1 ö 


* - r * ” Len * * * 9 * , * e * 4 N , 22 * p 9 oY a 
* s . - EY 17. 7 N 1 8 N EV «NA 
— * 4 * a - * * 
2 o q - F * 5 * q 4 5 ö 7 
S9 2 — . ” Py ” 4 
* L ” * 
. 1 | . 1 ; p f - „ 
* ” - 
* 
— * 
* 


Sought: And the Right Lines N C, K L, and RG, being Paral- XXIX. 0 4 


— 4 


2 * 3 5 oy s l 5 ts. 2, 2 
"80 9 Fa . 8 . - 
N K . * F ho * 
. Aua ö * 


r 0 e DC: 0 K D | 
> © + os [2 N. E: KC: HIS 


| | Ir will alto be 
ASLO#NE: DC®EC: : OK*OB: Dx OR. 
Or rejecting the common Altitude OK, it will be 

As LO#NE: D Cx EC. OB: DX, 


The Verſed Sine of the Angle ſought. Which war to be Demor: 
ftrated. 


' THEOREM v. 
hs all Spherical Triangles, 
As the Reclangle of the. Sines of the Sides containing the enguire ; 
Angle, | 
Is zo the Square of the Radius; 
So is the Rectangle of tbe Si iner of the half Sum, and half Dife- 
rence of the Baſe, and Difference of the Legs, 
To the Reflangle made of the. Radius, and half the Verſed Si ne 
of the Angle enquired. ny 


DEMONSTRATION. 


. 2 5 proved by the laſt Theorem, - 
XI. That, = * NE: to the. Square. of the. Radius: 


is OB: D X. 
And therefore ald 


Loe NE 89. of Rad. :: half OB: half D & 


And now in the following Dina OEG H, the Sum of 
E S and O E, is the double Meaſure of the An gle B SO; and 
the Arch O 8 is the Difference between the Bal: ES and E O. 
the Difference of the Sides A K and A E; And, 


As. R: half O S. 0 H: half O B. And, 
Half G 8, and half 0 H, is equal to O B. * Rad, 


Therefore, 
LO 9 Sq. Rad, Xo half Res * Rad. half DX * Ru 


o s e T, 


And alſo, 1 600 Ws 
LO#NE: SR : half O'S * half O H *: half DX R. 
2 /hich was 10 be Demonſtrated. 
THEOREM VI. ; 
In all Spherical Triangles, 

As the Retangle of the Sin nes LA the Srues containing the enquired 

Angle, 
Is to the Square of Radius; 
So is the Rellangle of the Sines . the baif Sum, end half Di Herence 

of the Baſe, and Difference of the Legs, : 
To the Square of the Sine of half ibe Angle enquired. : 


DEMONSTRATION. 


It is already proved by the laſt Theorem, Thaat Be... 
'LO*NE : Sp. R. half OS * half OH: half D XR. XII. 


But the Rectangle made of Radius, and half the Verſed Sine of 
an Arch, is equal to the Square of the Sine of half the Arch: 

As in the foregoing Diagram; let the Arch given be D T, then 
is DX the Verſed Sine of that Arch; ; and D F the Rig ht Sine 
of half the Arch; and the Triangles D F R and Dr X are ike. 


Therefore, 


DF. H DT DHU D 
DR * half D'R, is equal to the Square of Df. 


a Then, | PS 


LO * NA: Rg. half O'S * half O H: the Squareof DE. 
Wbich was to be N 
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And 
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* CHAP, M = 
TR The Solution of the Twelve Caſes of Oblique-angled Sphe. | 
= ical Triangles, without any Regard had o a Perpendi. 
= cular let fall, whereby to reduce it into Iwo Right-angled. 
| Triangles. 1 
Eg. | N D the Spherical Triangle which I ſhall make uſe of is | 
XXXII. that noted with Z S P, whoſe Sides and Angles, both in 


Sexagenary Degrees and Minutes, and Decimal Parts alſo, are as 
in this Table is expreſſed. | 


7 : +. De. Mi. Center, 


5 
8 P—— | 42 o4| 42.07 
Z S— 30 o 38.00 
P Z—| 24 o4| 24.06 


< Z — | 194 o 104.00 
.<S — | 36.08] 36.73 
< P —| 46 18 46.30 


Fig, CASE I Tuo Sides, Z. S and Z. P, with the Angle P, oppo. | 
XXXII. ſite to one of them, being given; To find the Angle 8, oppoſite | 
Caſe I. 10 tbe other. = 4 
| Ling FV N 1 
As the Sine of Z 8, 30 Deg. Co- Ir. o. 30 10299 

Is to the Angle P, 46 Deg. 18 Min. | o 8591188 


So is the Sine of Z P, 24 Deg. 4 Min. 9.610440 
To the Sine of 8, 36 Deg. 8Min.  _x9:7705850 | 


Hg. CASE II. Two Angles, S and P, with. the Side Z. P, oppoſite * ö 
XXXII. to one of them, being given; To find the Side J 8, ts o 


Caſe Il. the other 1 | 
| Ws} Analogy. EEE : A 
As the Sine of the Angle 8, 36 Deg. 8 Min. Ci-Ar. 0.2293936 | 
Is to the Sine of Z P, 24 Deg. 4 Min. 9.6104465, } 
So is the Sine of the Angle P, 46 Deg. 18 Min. 98591180 
To the Sine of Z 8, 30 Deg. 429.6989581 
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CAS E l. Two Sicke, 2 r and 28. ich the ach 82 eo 
contai ned between . . given ; To find the other Angles, 


S and k. 

9 2 

30 00 

a ; | Sides 1 2 24 O4 

| ED 3 84 

Difference 2 

Half Sam 27 on 
Half Difference „ 

: Half the Angle 2. 00 

„ * dab. b 8 


Firſt Operation. 
As the Sine of half the Sum of the Sides 27 d. 2 d 2. 3424577 


i. 
e 


Is to the Sine of half the Difference of x ts Sides 2.58 8.7 139520 
So is the Co tangent of half Z, 52a ]. 9. 8928098 


To the Tangent of half the Difference of the < x" 
8 and P, 54. „„ | x8.9492195 


Stcond Operation. | 


As Co-fine of half the Sum of the Sides 27 d. 2m. C c050%47 g 


Co- A/. . 
To Co. ſine of half their Difference 2 d. 38 m. 99994175 
80 Co- tangent of half = Z, 52d 2 — 
8 3 
Wa was the Tn of the s and P 3 1 9424055 a 


1 3 1 
| Which half Sum of the Angles 8 i 5 4¹ 13 
Added to half Difference of the Angles 5 O 


Gives the Quantity of the greater P 46 18 
And ſubſtracted, gives the leſſer = 8. 36 08 
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XXII. 
Caſe IV. 


CA 5 E Iv. Tos Angler, 8 ind P, and ei- contained 
SP, being gi gion, ; To fad the TY Two Sides, Z'S and ZP, 


As Sine of half the Sum of 

41 d. om. Co Ar. ; 
Is 0 the Sine of half their Difference 5 d. 1 m. 

So is the Tangent of half the Side 8 P 21 d. 5m. 


70 the Tangent of half the Diff. of Z 8 and 2 P 


2c. . 


| As Co-fine of 0 the Sam of the Angles S and Ty 
.- Fo Go ü of half their Difference 5d. 1m. 
So is the Tang. of half the Side S P21 d. 5m. 


To Tan. of half _—_— of Z S and Z P27 d. 2 m. 29. esa 


41 d. 


5 36 os 
Angles iÞ CS 
Sum ä 
Difference : 10. ©2 
_— 0. 
Half Diner ð 5 1 
Analogy, © | 
Fr ft Operation, 


the Angles 8 and P 1 1875 


8.940296⁰ 
_9.5B56859 


S , Operation. 


5 x8, 3.797734 


0.123211 


9.9983331 
9. 562624 


To this half "Bi af; 2 8 and 2 P 
Add half their Difference | 


Their Sum is the Greater Side 2 8 
And ſubſtracted gives the Leſſer ZP 


As 


CAS E V. Two Sides Z 8, and 2p. 3 5 * P., oppo- * 
Jos, 10 one of: "A being Given z To find the third 8 ide 8 


OY 
XXXII. 


L 


WED | Eft Operation. DIS 7 
hs the Sine of the 4 385 od. Or. 0.010299 
Is to the Sine of the 12 5 „ 46d. 1M ©: 9.5995 
So is the Sine of ths Side Z P, 24d. + th. 9,6104465 
To the Sine of the oy atS, 36d. 8m. e  #9:7705950 
| Then, | 
The Sides are J., The A. are 
[ „„ 46 18 
= 2 55 e 34s GENS. 36 08 
757 Their Sum 34 Oh. 8226. 
2960 Their Difference . | mY 56 | e 
7 WR 
1734 Half Difference 2 58] 3 07 
Second Operation. | 


S and P, 5 deg. 5 min. Co-Ar. 


nb to the Sine of half the Sum of thoſe Angles 41 d. 13 m. 9.8188250 
3331 So is the Tangent of half the Difference of th Sides 813920 
3624 Z S and Z P, 2 deg. 58 min. TON. 7139520 


6060 To the. Tangent of half 8 P, 21 deg. 4 min. 79.5853 209 


Whoſe double is 42. deg. 9 min. for S P. 


CAS E VI. Two Angles, S and P, with the Side 8 Z 38 te 
to ane them, being given; To find the 6h rd Angle 2 


Firſt Operation. 


As the Sine of the Angle at P, 46 d. 18 m. Co Ar. 0.408813 
Is to the Sine of the Side Z 8, 30 deg. 9.698 9700 
So is the Sine of the Angle at 8, '36 deg. 8 min. 9.7700063_ 


— 


18 


To the. Sine of the Side Z F, 24 9 4 min. 79.6098 576. 


As the Sine of the half Difference of the Angles 2 0525439: . 


— 
— 


* 


. \ F | ; 
. 3 8 
— 
"+ 2 — 8 
. 99 * . 
$f 
3 © a g "4 
% 


hy, 
3 


Fig. 
II. 
Caſe VII. 


lun 1 2 umme. 


. Then, 
1 The Sides The a 
28 e ee 8 

r 24. 04 LF 
1]: - Ther Som _ 5466 Oe 
- | . -Their Difterence _ 5 56 | 

TR nm . :. - 27-087 

Half Difference 2 58] 


8 econd Operation. : 


As the Sine of half the Difference of the Sides Z ST. < 
"and £ P. 2d. 58 m. G. . 7 1 60479 
Is to theSine of half rhe Sum of the Sides, 41 d. 13 m. 9.8 188250 

So is the Tangent of half the Difference of the An- 8 

gles S and P, 5 d. 5m. * 949167 


To the Co-rangent of half the Angle Z, 52 deg. 10.0540404 
Whoſe Double, 104 deg. is the Angle Z required. 


.C A 8 E VII. Two Angles, S ard P, and 4 Side Z. 8, oppoſ reto 
One of them, being given; To find the Side between them, SP, 


Firſt Operation. | 
As the dine of the Angle at P, 46 deg. 18 min. Co- Ar. o. 140991 


Is to the Sine of the Side Z 8, 30 deg. 9.69897 
Sol is the Sine of the Angle at 8, 36 deg. 8 min. .9.7 70606; 
. To the Sine of the Side Z E. 24 deg. 4 min. 5 7.6 105676 
. „ 
| The Sides e The 1 

8 SS TE 36 08 
EX * 24 F 40 13 As 
Their Sum T „ - Ds 5 | | 52 26 oo 
Their Diftterence 5 56| 40 1% 
— ox e TOO 41 650 


Half Difference 


5 — * F be, on ay ; ; 6 . - . 4 0 4 T > £ 
B% 4 F * Fee 's A | . 0 
4 is p s „ 4% 5 
. 4 LY * 4 . Fes P 
A * y ” "YE; * _ ” 4 3 8 ; 
or 5 1 a - 
al "Triangles 
C „ 
2 


of 5h 


Second Operation. En 
h Sine of half the Difference of the An les 
= t P the Sine of 5 deg. 5 min. Co. Ar. / * 1052543 
7 Is to the Sine of half their Sum, 4 1 deg. 13 min. 9. 8188250 : 


8o is the Tangent of half the Difference of the Sides 


f half th 
Ss To * W 0 e enquired Side, 21 deg, + r9.585 9034 


The Double whereof i is 42 deg. 9 min. for the Side S P. 


94S E VIII. Two Sides, 2 8 4d 2 P, Anf abe RR: P; p- 
poſte to the Side. Z. S, being given; To find the 8 Z, con- 


8250 rained between the Two groen Sides. 
1675 Erft Operation. | VR 
040 hs 'he Sine of 2 8, zo deg. CG. Ir. + Ft 0.301029 


80 is the Sine of Z P, 24 deg. 4 min. 9.804465 


1 To the Sine of the Angle at S, 36 deg. 8 min. 279.7705950 
EY HR... „ 

| - „The Sides * 1- The Angles 
oo © Wo 30 Oo | 8 * 08 
* ME 24 _041P 4615, 
5 . 82 26 


5676 Their Differenee 5 36 1 | 10 10 
| HR 27 3 ͤ aA. 
Half Difference 3 -q#Þ — 5 05 
1 | Second Operation. _— 
4 
— b the Sine of half the Difference of the Sides 2 8 
- and ZP, 2 deg. 58 min. Co- Ar. | Þ 5 2860479 


ss to the Sine of daf their Sum, 27 deg. 2 min. 9.657 5423 
so is the Tangent of half the Dilkrence of the + 8.9 1675 
= Angles S and P, 5 deg. 5. min. 949 


The Double whereof, 140 deg; is the : Angle at Z required. 


— 


Z S and Z P, 2 deg. 58 min. 97145343 


Is to the Sine of the __ P, 46 deg. 18 min. 8.859118. 


Io the Co. tangent of half Z, 32 deg. 3 x9. wid 517 | 


N e C4 


= — 
— 


—— 


4 


- 


U * : * 5 l Fs: TS ET 7 Ny oh ; * RT han en 2 
A 4 4 : — ; 
. * 


E 


Tig. CASE 1K. Tio Sides Z 8 and L P. with the Agb Z, con. 
XXXI. prebended between them, To find the third Side SP. 


Caſe N. you mult frſt find the Two other AnglesSandP (by the 3dC1/) 


and then 22 may ind the Side 8 (by the f. Ge hereof.) 


= IRA + And ſo, | 
The 1. 33 8 : will be found to be 13 36 08 
And the 3 „ | Y ws 


Ik his Problem may be otherwiſe reſolved at Two 0, * — by 
a Problem next following the Twelve C2/es. 


Eg. CASE X. Two Angles, S and P, with the * between then, 
XXXI. SP being given; To find the third Angle at. Z. 


Caſe Ao ws . muſt be reſolved in the ſame manner as the fore g0 
E 2 Jin 2 F. Gy ces 1620 W = 
es, an y the 47 2) and then t e £ (by 
the 3ft Caſe.) $o you thall find 
m. 
The Side 12 $3 to contain £ 2. = 


| And the Epe Angle 2 104 o 
Fs. CASE XI. Three Sides, 28, ZP and S-P being given; To 


: i XXII. Ind the Angle at Z, oppoſe te 70 (ibe Baſe) 8 P. 
GſeXL Nate, I call that Side the Baſe 9 ever it be) that is op- 


Polite. to the Enquired Angle. T 


5 x Eirſt Operation. a 
| As the Radius, or Sine of 90 deg. | 185 8 10. 3 
Is to the Sine of the Side Z 8, 30 deg. 9.698970 
So is the Sine of the Side Z P, 24 deg. 4 min. 9.510445 


Ta a fourth Sine, ws. 11 deg, 46 min. 29.309416) 


Then 


com. 


) 


? them; 


orego. 


401000 


So is the Sine of Difference 5 deg, 57 + 


. * 6 * " * 1 * £ 3 - a 
Was 0 o * * 7 * +; adn. IT _— 4; »* v4 k "> SIE ates -» . F "a 22 20 * — 
F R * 0 * * . 
2 Y 1 + ons > 8 VB * n Yo a * 2 Z 
| e R ; 
: * i 2 
7 . - 5 þ # 3 4 8 : : 
3 i no g 
a i ; HP 
« | 3 198 „ is 
\ * 3 0 4 . 
4 * 5 7 
by . " * - 
2 p 4 4. Pe : 
1 c * 
- 7 * 
* x | l a — 
* 
8 a ; f 
5 


en, 


— 


9 - (ZP—=24 og 
| The Sides are qZS——30 oo © 
0 T0 . 
Half dum 
The Baſe 8 P 
Difference 
| | Second Operation. 
As the Sine of the fourth Sine before found, 1 1 deg; 3 
46 min. C- Ar. een eee Too 
Is tothe Sine of the half Sum, 48 deg. 6 + min. 9.871811 
; _'9.0162186 
To a ſeventh Sine. 1 9.5 786 136 
Half this ſeventh Sine is 9. 7893058 
Which is the Sine of 38 deg. whoſe Complement 52 deg. is 
half the enquired Angle at Z, vis. 104 deg. 
OO Another Way to reſolve this Cee. 
Take half the Difference between the Two. Sides that contain 


i 


* 


the required Angle; and add it to half the Baſe, and likewiſe ſub- oy 
ſtrack it from the ſame, noting the Sum and Difference. I 


The Arithmetical 8 of the Sines of the Sides com- 
prehend ing the enquired Angle, added to the Sines of the Sum and _ 
Difference before found, half the Sum of them ſhall be the Sine 

of half the Angle required. | "RF 3 2 


23 Moms 
| ide N z 4 30 o 
. Their Differences - © - 77G 86 wn, 
© The half Differences "7B 
Which added to half SP. n 
- The Sum is 9 24 02 EO 
And ſubſtracted, the Difference is 18 6 


353 Then, 


27 The Sine of the Side 28 TY Wag Ar. Co. 3013295 
The Sine of the Side 21 P. 24 det. 4. min. ar. c. 2 3895535 
The Sine of the Sum, 24 deg. 3 9.6 190219 

The Sine of the Difference, 13 deg. 62 min. 9.492486 

| The Sam 129.7933917 

The half whereof is the Sine of 52 >, I min. 7 896608 

half of the Angle RE 99966958 


CASE XIE Th ce Angles = P- and J being given ; To fad 
any of the Sides. 


This is the Converſe of the former, and i is to be reſolved after 
the ſame manner :. But firſt, the Angles mult. be turned! into Sides 
as followeth : For, . 
The Two Leſſer Angles, S and P, are always equal unto 760 
Sides of another Triangle, comprehended by the Arches of Three 
Great Circles drawn from their Poles, and the Complement of the 
Greater Angle = to a Semicircle (or- 180 deg.) muſt be taken for 
the third Side. Therefore, in this Triangle thus converted, you 
ſhall by the preceding 1 Ith Caſe find an Angle; that Angle ſo 
found, {hall be one of the Three Sides. enquired. 
Fig. As in the Triangle A CP, the Poles of thoſe: Arches are H. 
XXXIII. R and Q; which connected, make the Triangle. H R Q the Sides 
of the former Triangle, being equal to the Angles of the latter; 
| bra for one of then- the Dr of the Greater Angle 


te à Semicircte. 
80 l D is equal” to the Angle at H; whole. Meaſure is the 


Arch E N. 
D C is equal to the Angle Q; whoſe Meaſure | is the Arch MP 


And A E is equal to the "Complement of. the Angle HR Q;. 


_ whoſe Meaſure is GL. 
Therefore, if the Angles A, D and G be given, the Sides QR, 


Q and R E, are likewiſe given. 
If therefore we reſolve the Triangle HR Q by the Directions 


of the 11th Caſe beforcgoing, the AD: 2 found, .ſhall be the. 
Side * . Es 


q ? 4 
* 

— : - * $i 

15 ; j ? Ee 4 * _— 
* 2 — 7 : 1 : 7 j 
* 1 * — * A * 9 
-. : ; : : g f 
/ 1 * * * 
_ d 


„ 
o $5.54 ; Fa 2 


1 8 . ; v ILY -— J ; 
Ti a [OW 0 * #4 * 2 — ” a , 

Sn BI. 7 #27 wi. $A} TY Cx 4% 4 " A 4 
* »# 4. a 5 5 5 - 

* * * - * 4 I 8 


As problem: and Theorem, by Way of Supplement... 


*: i 11k, ane | | / Bs A on 31:15 | apts 775 4 7 1 TSP i . 
In any Spherical:Triangle, Tws,Sides,, D B and B, C, - with rhe 


: 1 * 4 bu aff wc 7 9 39 
Angle B, included bel teen them being given, To find rhe other 


Ales, B and C, by Two Proportions.” 


T HIS Problem was, invented by the Lord Nepier, and is Eig. 


- 


thour letting fall a Perpendicular, or any Ambi- 


A e, =: teens 
i. As the Sine of half the Sum of the Sides including the Angle 
Is to the Sine of half the Difference of thoſe Sides; 
So is the Co-rangent of half the Vertical Angle. 


74 


ving this Caſe, wi 
gulry. 4 | 


To the Tangent of half the Difference of the Two unknown 
Angles. i 2 
EE Then, 


2. As the Co- ſine of half the Sum oi che Two given Sides, 
Is to the Cor Sine of half the Diſferencę of thoſe Sides, 
So is the Co-tangent of half the Vertical Angle. 
Io the Tangent of half the Sum of the Angles. 5 
The half Difference before found, being added to this 
half Sum now found, gives the Greater, and ſubſtracfed 
therefrom, gives the Leſſer. of the Two unknown Angles. 


* 


0 


— 


K % : __ 
D EN O NST RAT TON 
N 12 N : : 1 „. f 


Suppoſe A, E, G, Poles of the Sides D. B, DC, B C, there. 
fore the Arch A E is equal to the Angle D.; the Arch EG equal 
to the Angle C; the Arch A G equal to 180 deg. wanting the An- 
gle B. Suppoſe the Ark E O, equal to the Ar&E G, equal to the 


Ark EP. Then if the Points GAO EP be Stereographically . _ 


projected, the Right Line A E will be equal to Tangent of half 
the Angle at P; and A G, equal to the Co. tangent of half B; and 
A, equal to the Tangent of half the Difference of the Angles; 
and A P, equal to the Tangent of half the Jam of the Angles, 


and OG will be a Semicircle, deſcribed from its emen 
5 „ | whoſe: . 


% þ 


celebrated, not leg for its Sübtilty, than Uſefulneſs, in reſol- XXXIVv, - 


— 8 * 


84 Janus 
Fig. whoſe Center ſuppoſe 2. Then 1 B "> equal to BC, equd 


Bm, parallel to H. Therefore, DB is equal to d 
hs equal to m H; and F x, equal to B. Draw > © 
cular to Do, then. the Triangle Ny is equiangular to the Trian- 
gleDLy, and DLK, equiangular to the Triangle N ; there. 
fore, Ly : dy: DL: N: And, as DL: N: : LK: 
. and therefore I. 0, parallel to K o. But the Points f> Ha 
are in a Circle, whoſe Diameter is & >: Therefore the Angle 
N H, is e oy to 3 Angle N H, equal to the Angle L 5 
equal to) herefore the Angle K. H, equal to 
. to a Right Angle: Therefore, H= mw = m 


and 1 


the Tangent of the Angle Do 1 that! is, 


As the Sine of the Sam of the Sides, 
s to the Sine of the Difference of the Sides 3 
So is the Tangent of half the Sum of the Sides, 
To the — of half the Difference of the Sides, 


5 | | Therefore, 


As the Sine of the Sam of the Angles, i 
Is to the Sine of the Difference of the Angles; 

So is the Tangent of halt the Sum of the Angles, 56 
To the Tangent of half the Difference of the ele. | 


But, 


The Sine of the [ID FP the Sides, 
Is to the Sine of the Difference of the Sides, | 
(as the Sine of the Sum of the Angles : Sine « the Differenc 
of the Angle; ) 
So is the Tangent of half the Sum of the Angles, 
To the Tangent of half the Difference of the Angles. 


Tbat is, As N K: XH: AP: A O. 
. - Therefore, 1 
ICENICE KZT Hi: SAP et AO: Ar- 240 
„ Thats, N mo: An: 26. 8 


4 - - 7 + *, * 4 w4S> — 3 ® 98 
we fd l Te 
1 % a . : SF %% * j 
= e ? 23 ny * 

— ” W * . . — * 

o * — E 
ty | at 

» an 9 7 — 
. p o 1 5 » 8 


XXIV. to B L; and draw the Diameter B A 8, Fs. DK. * CP t0 


ſo, K: LK: : (o N: R.:) Tangent of the — 


cf 2 Tr "OY i 
But alſo, the Ang] le n N u, is e 5 5 5 to the Angle G A x, there- ks I 
fore (by 375 6 15 Eucl) the Triangle N , and An G, Se, 
uiangular; and therefore the Triangſes N H » and A 0 G; and 
alſo the Triangles XK a, and AP G5 arequiangular. Therefore, | 
X u.: XH: : AG: GO; and N: XK : AG: AP. 
But, D > : 3 D:L (LK = NH, 
And N: N H AG: AO, — \K : : AG : AF. 
But DN: NM: DL (LK=) : N H; and ; N: * 
, H) : _ 


Therefore, . 
Da: DL: : (XX MH: AG: AO. | 
And o N: „ L. : (N.: JAG: ws 
That is, 


As the Sine of half the Sum of the Sides, 
Is to the Sine of half the Dyference 05 the Sides; 
80 is the Co- tangent of half the Vertical Angle, 
To the Tangent of half the Difference of the Angles. . 


And, 


As the oft ne of half the Sum of the Sides 

Is to the Co-fine of half the Difference * the Sides; 
So is the Co- tangent of half the Vertical Angle, 
To the Tango of half the Sum of the Angle. 


COROLLARIES. 


Ia any Spherical Triangle, 8 5 

I. Tan. Baſe: Tan. = Sum of the Sides : : Tan. : = Differ. of 

| the Sides: Tan. = Differ. of the Segments of the Baſe AG, 
made by a perpendicular Arch falling thereon from E. 


A. G: AO:: AP: Ad 


II. Tan. 2. Baſe : Tan. + Sum Sides : Cc-fine. 2 Sun A8: Co- 

fine < Diff. <3. A G: A P:: N: ML: For the Angle 
E AU = the Arch D B, ad the Angle A GP ee 
A0. Arch B C. 


III. Tan, Bab 1 Sum Sides : ; $4 Som ef Ang. : 7 +Dift <5 
| _ AG: AO. D DL. | 


* W. 6 


— 9 


5 5 ” p * 2 22 3 hw "3b * 2 8 — * — 4 V7.9 YI. ROI « . | g — 
FF 4 5 * 1 XY : * F L * - . R — * — < 4 EY 4 * ng ra 8 - 
+4 * * * % © __ - «a N 9 l 8 1 a ” a 
9 2 7 ut pn * * 7 
8 * f . \ | e | nd En oi, 
F A 7 C4 , . 1 = * e . 4 M4, 4 L 
* * 7 . # * C — 5 
. ' K ” 
" xo 8 


gp 


'C 
«<2 7 
0 
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9 Janus Mathematica. 
Fig. IV. If the Angle E G A be ſuppoſed Right, then A P A. AO Re 
XXXIV. AGq, that is, In a Right- angled Spherical Triage EGA 1 
the Tang. 5 Hy pot. + Per: Þ Tan. Hy pot. — 2 Per. iS 


o 


the Square of the Tangent of half the Baſe, . "I 


A. 


— 


CHAP. It. 


Some Problems in Plain Triangles, which come not within | 


— 


the Limits of the Twelve foregoing Caſes. 
"PROBLEME - 


In the Obl:que-angled Triangle C B D; there is given the Angle at 
C, (116.20 deg.) the Side D B, oppoſite thereunto (1270 Foot :) 
And the Two Sides, D C and CB, in One Sum, ( 1496 Foot: ) 1 
To find the other Angles D and B, and the Sides ſeverally. |} 


1 [CONSTRUCTION, "2 
Fo. LL XNtend the Side of the Triangle D C, to A, making C A 1 
5 equal to CB; and draw the Line B A, fo ſhall you have. 


4 


XV. conſtituted a new Triangle A O B, in which you have given, 


(I.) The Side A D, equal to the Sum of the Sides D C and CB, 
(1497.) And (2.) the Side DB (1270.) And (3.) being you 
have the Angle D CB, (116 d. 12m.) you have alſo the Angle 
B CA in the other Triangle, (63 80 d.) the Complement thereof 
% weer id deg. 5” „ 
Then in the Triangle A CB, having the Angle at (63.80) 
you have alſo the Sum of the other Two Angles, C A B and A BC, 
equal to the given Angle D CB, ( 116.20) the half wheteof is 
the Angle CAB (58.10 d.) to which the Angle A B C is equal, 
becauſe the Sides CA and CB ſubtending thoſe Angles, are e. 
ual : And now in the Triangle D AB you have given, (i.) the 
Side D A, 1497. (2.) The Side DB, 1270. And (3.) the An. 


„ _ gle, DAB (oppoſite to D BY (58. 10 d.) by which you may find 


the whole Angle DBA (by Ca/e I. of Oblique Triangles: For, 


As Log DB. . C AB:: Log. DA; s AB DPD. 


From 


{ | | | 


Hlate N. From Pag. 89, to Pag. 96- 
32 —— er Ew — — 3 nerd * 5 — — — —u— — — 
V 4 F 


= 
+ 
: 
1 


of Problams din v. 97 wr 
From which, the Angle C B A 53; 100. . ſubſtrafted, there — 
ill remain 5 43 d. for the Angle CB D, and then the Angle xx. " 
5 B N ae d. the Remainder of the other Two, Cand | CE 
„to 180 d. - 
” nd for the Sides, they may be found by the firſt Caſe of Obliqus : 
riangles, thus: * Ts 


As C: Log DBB Log, DC. 
1156. 20 d. 1270 37.434. 865 


As 5B: Log DC :4 D Log CB © _— 


- 


37 43 d. 865 26. 37 d. 632 ; .* 


ROA! A 


In the Oblique-angled Triangle CD 5 there is given the Angle at 
C, (116.20 d.) The Side DB, oppoſite thereunto (1270 Foot. 2 
And the Difference of the other Two Sides C D and C B, (233 
Foot.) To find the Two unknown Sides ura and the 45 | 
gles at 'D and B. 


CONSTRUCTION. 


N the Given Triangle; make C A'equal to CB, and nin the. RE.... 
Line B A; ſo is the Given Triangle C D B, reduced i into Two KV — 

Dblique- angled Triangles CAB — AP B; in which laſt is — 
iven the Two Sides, A D and D B, but never an Angle; and 1 in 

he other, only the Angle at C, and never a Side. 
But (by Conſtruction) the Side C A being made equal to the 

ide GB "the Angles C A B and CB A ecm, and the Sum 

df them, equal to the Complement of the An + of at C, (116.20 d.) F 

o 180d. that is, to 63. 80 d. the half whereof 31.90d. is equal to 

he Angle C A B, and the Complement thereof to 180 d. is 

48. 10 d. equal to the Angle DAB. a | 

And now in the Trian * D AB, there i is given, the Sides AD 5 2 

ind D B, and the An wy A, to find ne 3 . 

nd II. of Oblique Triangles, RS Thus, | 8 


As Log. D B* 5A: 108 AD: . AB D. 
1270 148. 10d. 233 5.53 d. 


hich added to the Angle C B A, before found, 31.90 d. the 
pak; 37-43 d. ks the Angle C B ä 


0 - Ro Ten, | 


XXXVII. I D, making CD 


As D CB: Lis DB ::sCBD-: Las c 
116.200. „ 37430 BE 1 


And, 


As D CB: Log DB :+CDB Log. ets. © 
116. 20G. _ 1270 2 632 


PR OB III. 


Ir the Right- angled Plain Triangle ABC, there is given, the 80% 
AB, (28 Foot.) And tbe 1 2 uſe C B, and Perpendicular 
1 A, in one Sum, (viz: 56 to. e the. other. Sides and 


Angles ſeverally.. 


N the given Triangle ABC, a the Perpendicular A 0. to 
to C 87 ſo ſhall you. have conſtituted 
a new Triangle D A B; in which there is given, (1.) TheRight 
Angle at A. (2) The Base AB 28. Foot. (3.) The Side A D, 

equal to the Sum of the Sides A C and CB; by which you may 
fund the Angles A D B, and ABD, (by Caſe. I. of R. Ang, Tri.) 


As Log. AB:: Rad.: : Log. DA: 1 PB A $ 
A 145. ond: 56 _ 634430. 


Whoſe Complement 26.5 7d. is the Angle A DB, to which the. 
Angle CB D is equal, bocqule the Sides C Band. C 75 ry 


eee. 


„ 


them, ars equal by Conftruttion Then from. the An gle D 7 1 
63.43 d: before 1 you ſubſtra the Angle DB C, t 
laſt found, the Remainder 36.86 d. is 9 to the apes A, T 
aud the Complement thereof, 53. 24 d. to the Angle CAB. 


And then, „ is 

* 5ACB: Log, AB: CBA: Iog C 4. 
53: 14d. OE: 

And ſo :: Rad. .: Log. 3 | 


Oder aſe a ths T Theorem: 
If from the Square of the Sum of the Baſe ond Perpemdiuulur D A XG + 


Js (3136) you: ſubſtraf tbe Square of the Baſe AB 28, (784) 
2 2 the-Remainder ( 27750 'b SAT the Sum of the Hy- 


prog and Perpendicular 56, Lz. 112), the Buotient (21) 
will grve the Perpendicular : Which ſubſtraffed from the Sum 


{56), lecues 6 5 Jor the  perenuſe.. 


e p N ED 
N Buſs th Three Sides of a Righr- lined Trans, being givens To nw 1 
511 12 Area. 
5 R U LE. 
N DD the Three Sides of the given Triangle together, ad 
i.Cto. A take the half thereof: From which half Sum, ſubtra& each 
ituted Side of the 8 ſeveral and note the ſexeral D ifferences: 


Then multiply the Hf S my one of the Differences, and 
that ro 1 1 ly — HO of the Differences, and that Pro- "2 
duct multi Fro, 5 the "fied Difference : The Square Root ye this «iS 1 
third Pro all be the Area of the given TO: | .- - 


- Exanple. 


In the 1 AB C, whoſe Three Sides are A B 20, A c Fi. 
24, and BC 42: Their Sum is 96, the half whereof is 48: XXXVIIk 
From which ſubrrat the ſeveral 1 ides, 20, 34.8 and 42, and there 
will remain theſe Differences, 28, 14, 6. Then, multi will fe 
on half Sum) by 28 (the firſt Differen 000 the Product will | 

1344: W hich mulriplied by 14 (the N Difference (the Pro- 
duct will be 188 16: And this ProduQ multiplied by 6 (the 
third Difference) produceth 112896: The ants) Root whereof 
is 336, for the Area of the Triangle ABC 


By Logarithms. 


To the Logarichm of half the Sym of the Sides, add the Lage 1 
rithms of the ſeveral Differences of the Sides from the half = 
Sum Half the Sam of thoſe e * be the nn | " 
of the Area 5 the ee 
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Fs! | 
xXXVII. 0 | The dals, Sum of the Sides——48)* 


C (A B=—28( whoſe Loga-, 1.447100 
= GE rithmm is 91.146128 
4? AC 16D Conn en . (0.778151: 
” „ pe Som: 5:05267% 
5 The Half Sum. 28.526339 

Which is the Logarichm of 336, the Area of the Triangle. 
8 LARS) 2 Ws R O B. L 


upon which. the Perpendicular is to fall, the Quorſent added to the 


NN = is 54, and.their Difference is 14; which multiplied. rogethe, 


18; which added to the Side 


Wes | ſubſtracted. from the Side B C, leaves 24; the half where 
12, is the Leſſer Segment B D, where the Perpendiculr is to fall. 


the Sides containing the Angle from whence the Perpendicular | 1 


added to, or ſubſtracted from the Side. on which the Perpendics 


ments of the Side on which the W is to fall. 


3 2 * ä en A * * 2 
2 . ²˙¹i Lw. A LT Dpa nd od oa 
9 „ Y : — * * * 1 
"PF e - ; TVS EY 
: 
« x 
NF 


Jan abet, ; 
7 Exomple. 'S \ 5 2 he 


\ (1.681241 


By the Three Sides given; To: find the Point in the Tanger Side 
where a 1 Hall fail, ond | the . of. that Per 


| t 47 conv; of JUL Ek 1 
1 * L 5 . 163 2 U E E: EU) 5 v1 wit alley 


Tt the 9255 and e of the a Sides eontainig 
the' Angle from whence the Perpendicalar is to fall, ant 
multiply. them together, and. divide the Product by the third Side 


* 


third Side, or ſubſtracted from it, ſhall be the Double of the 
* or Leh er AL on LO Side of th la aan 


Ti: the FER Dig AB 8 1 the A of FEY Sides A B . 


roduce: 1 which divided by the Side B C 42, the Quotient 
C 42, gives 60; the half where 


of 39. is the Greater 8 of the Sie B C; or the Quotient 


By Ebert 
To che Sum of the Leogarithms of the Sum and Difference of 


to fall, ſubſtradt the e of the Side upon which it is to 
fall. The Remainder ſhall be the Logarithm of a Number; which 


lar is to fall, ſhall be the Double. of the Greater or Leſſer Sx 
Een 


| 


7 2 ö n N . OT” 7 3 
117 28 N 3 * AS EF * >» he. : £ l N A 
. FORE Hoe . r D A A r y 7 * ** 
4 4 75 bd > 5 P * - 0 / 4 * 4 
r 4 ” 4 24 N 4 s 1 a 
&- . F; > * » bw ” W . "1, 4 
2 r Rds . Te : : 5 
4 9 = 
= * 54 
j * E " # 
* > , 
* ol 
*c ; : v 

* y * * 

= * 1 * 8 

0 * 8 * * 

an? = 
6 FR 

* - - 
L 75 

5 

. * 

- * = 


| — 
ö "ave dum of AB and A C is 54, - FO N 7.732 393 
= —. Tbe Diftteer of A B and A Cis 14 . 1.146128 22 


Ie 228.8785218 

The Lurie of the third Side B C 42, ſubſtra&t- all 6232493 
RNemains 1.25 52725 

Which is the „ of 18. Which 18 added to B C 42, 

makes 60; the half whereof 30, is the Greater Segment C D, SS 

or 18 fubſtracted from B c 42, Jeaves 243 the half ws of . © 0M 

is the Lahr S egment B D. 


1 


er Site For the Length-of the Perpendicular. h | 
hat Pe A 5 R UL E. | 3 
; | Multiply the "IR of AB and BD 32, ad dhe Difors rence ES. A B 

and B D, 8; the Product will be 256, whoſe NOT Root i is. 16 
2 for the Length of the Teen, A D. „„ 
Fg Sit, 2 By Logarithms, . . 8 N A 
yr by Hall the Sim of the Logarithms' of 32 and 8, the Sa 2nd 3 


Difference of A B and BD is the Legarithm of the Porpendiculur. 
The Logar. of the Sum of A B and BD 3z, 1.50515 
The "Logan. of the DIGI of A B and A D 8. - 090309 


cular. 


13 in 15 J)) a TRIER ME 40824 25 | 
ogerhe, Tue Mf mme — TCR 
tient 5 Wh ich 18 Levin: of 16, the Length or eh Perpendicular A D. | 
F where ZE . TA 408 
10rtent : | 1 R 0 B. VI. | = 
8 oy The Baſe BA Co: or 8 Side) es 2 Plain Triangle BA KM - "i 
9 47.8 P. and 4 FPerpendicular D C, let fall from he is oppo. OO 
 fae to that Side Kg 33 P. being ks 10 find TX: rea a of : 

e e eee 
le 5 O the Iinoihe of half the Aten Side, add this Liebes Fig. 
wr WO, e of an che Sum of thoſe Lien 3 
1 — the Logorithm 0 the Area of that Tri angle... 5 

1 7 +» 3 ( F Cf 2 N rei x2 G7 S141 1 4 507 28. 
er $ep- Ws Ree; eds J Wi OO SA EIT 06 En, „ 3 
uml. | 0 IF l | N 1 8 


| 


Fig XI. 


"The Boſe BA, is ib. Ce, 2 

The half Baſe 223.9 — "Las; 5783971 

The Perpendicular D C 17. 33 A  Togr. 2387986 

"The Logerrtbw of © 414.3 © 2:6 6171965 
Wh ich! is the Area of the Tri angle. 


After the ſame manner, if the Baſe of a Triangle were 42, and 
the Perpendicular I 6, the Area will be found to be 3 36. 


PRO B. VII. 


There is an Obli led Plain Triangle A B 2 one 4 ah An- 
2 at the Boſe B Cu 53.48 d. And the Sum of the Too Sides 
oppoſite to the Baſe B C, viz. A B and AC, 25 129, and the 
Baſe CB, is longer than 'the longer fide A C, by 16.8. The re. 
Jpedroe Sides and Angles of the Triangle are paige 


CONSTRUCTION. 


Der 4 Right Line BC, at Liberty, for the Baſe; and upon 
one end thereof, at B, make an Angle ABC, to contain 
53.84 d. Then the Sum of the Two Sides A B and A C being 
together 120, break it into any Two equal or unequal Parts, as 
into 43.2 and 76.8, then (by the Propoſition) muſt the Baſe B C, 

93.6, which is greater than A C by 16.8;—$0 in the Oblique 
: angled Triangle A B C, you have given, (I.) The Side AB 43:2. 


(2) The Side A C 76.8. (3.) The Angle oppoſite thereto, ABC 


53. d. 50 m. by which you may. find the Auge, A C B. For, 


NC Is tos ABC 53.84 d. 
8A 44 To SACB 27.02 d. | 
PR OB VIII. 


e the Male, of the Area ofa Spherical Triangle. 


Lemma l. Tbe Lunary Super -fcies of the Hemi beate are at 4 
Angles of the. ſame Superfictes, ip 


; eL PHE Proof of ne Lemma {amongſt many other Ways may 


be this: | 
Let the Meridian Semicircle A ED be imagined to to be equally 
moved over the Longitude of the Equator B "the e Poli 


A and D. Therefore the Angles % the other file of of A and D. 


(to 


oa 
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: 
a 


$3978 
37 986 
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i, Fad ) tut ere e fees The Sa ices EU Eg. xi. 
k ſhall be as the Times; Sap 45 . XL. 2 
the Superficies K, to the Su + 15 Guns M, 48 * N 
. My to the Spee * Oe. 38 Bred can be Fo 

ell... or, 


Thofe Things that. agree 70 4 1 


Hgree among themſeives, 


COROLLART.. _=_ 

Therefore, by —_—_ i _- 

oo. AETG: G::KaM: 2 3 

Or, A8 F G: 8 * K 1. M K. 
That is, 

As the Two Right Angles are unto & 7: 125 _ 

So is half the Spherice! Super ſiciec, to M. ; : 2 

And, As Two Right Angles, are to F; . - = 
So is half the Spherical Superficies, to K. 


Lemma II. The Triangle G, is equal to the Triangle H, becauſe 
the Angles and Sides of one, "i equa to the Angles aut ca Fig III 
e the other: To wit, A = D, HE, C= F. Apo, 
L O, M . "Cool, Therefore hoy. are- nn, 
ond. nd. Equal. | 4 4 


HE 0 R E u. | 
The Exe of the Three Angles, over and. 3 Two Right 4 


995 1 


glee, divided by 720, fhews what the Area of the Triangle, th i FAY _ 
re/pelf of 2 . "8 285 | . Y 
Er by Lewis I. 180 'B: "* * Sh : GS 
180.:C:: Sp. : : dT Hf. Y 
Cy the Second 1 I 
Therefore, As 180: A Þ B B BC : half the Spherick : ta I» 
3G'ÞR ＋ SF, G E 5 2% 5 | 3 
As 180. : ATB + C0 -— 130 | . . - | * 
Br S8 Fe: TD hos. -. 
& EHICR 5 1 


* 


222 


104 
l 


vhole Spherick. 


Fe. 


FE O (in the Icgſaedrum) anſwers to the 


LIES 2. 3 L- 4 "SIE 1 3 "ts: v n TY * » * N 25 5 Bn RS 4 _ a an . 0 
e g 7 * N AE 3 by l N n * p i 8 .. e 9 * 
1 - — PAC — * 33 * — 2 N „ i; ” e + KL 3 A 
* * $ 8 K — £ * * ng 3 FOE , ——_—— . 8 * 8 * 7 * NL” & 1 
5 } 22 F g a ELSE . e 1 + 
* * — : 5 +8 . Ys , Api >, ___ 
p 4 » f ; - 7 - *. 
— 4 £ * * 4 ; 
, ; - 4 * * v 
h s = LS 8 a 4 * "> &* * 
— * . ” . * 
5 , 3 - | * * 
5 1 2 4 . . 4 * 4 
*% — 5 - J 2 0 — e ” * „* Y 
1 ” * J £ 0 2 LY 


Therefore, 3 GTR Sq T— half the Sph. = 2-G.: | 
So that, As 180: ABeþC—180:t: 
: So is half the Spherick : to 2 464. 


And the Antecedent Terms being Quadropled, it mall be, ; ; 


As 720 : ATB + C—.180 : : 2 Sphericks 28 fa. | 


And ſo the Spherick to G. Therefore, 


E 2 * ſhews what part the Triangle is of the 


720 
Theſe Things are likewiſe true in all | Spherical Polygons, of what 
Ordinate Figure ſoever they be; or In-ordinate, fo all the An- 


Y gles be given. And the Reaſon is, becauſe all Polhgans may be 


reſolved into Triang/es. Therefore, this Rule hall hold in 
theſe Multangles allo. „55 55 


RX UL E. 


Multiply 180 d. by the Number of the Angles; ſubduct the 
Product out of the Aggregate of all the Angles increaſed by 360d, 


The Reſidue divided by 7 20 d. gives the Area of the Polygon. 


07 the Completion of a Salid Body. 7 | 


angle, this Fruit ariſeth. 


— Rom the foregoing Menſuration of the Area of a Spherical Tri. 


If the Radius of the Sphere be IooOOO. oo, the Side of an in- 


ſcribed Icoſaedrum ſhall be 105146.22, equal to the Subtenſe of 
63 deg. 26 min. ro ſec. Therefore the Plain Equilateral Triangle 
lateral Spherical 
Triangle in the Sphere; whoſe Three Spherical Triangles are con. 
nected in the Plain Angles, in the ſame Points, F, E, O. 

And the Srdes of this Spherical Triangle are ſeparately. taken 
63 deg. 26 min. 10 ſec. to wit; becauſe their Subtenſes F E, EO, 
OF, in the Plain Triangle, are equal to one another. _ 

Let fall now the Perpendicular E P, the Spherical Triangle 
EP O ſhall be ReQangled, where, over and above the Right 
Angle at P, are given, E O and PO, yg ang to half EO; where 
fore the Vertical Angle PE O ſhall be 36 deg: juſt, and the 


whole Angle at E, 75 deg. And the Sum of the Three equal An. 
gles, E, P, O, ſhal 


* 


be.216 deg. from whence taking Two Right 


- ? 


drgles, . 


"of N Problems — 


Angles, co to 180 Deg. there remains 36 Dzg. Therefore, 
the Triang/e E F O is , of the whole $ or be: that + . Fig. - 2 
Part: And this moſt truly, for 20-P lender FEOC, fill the XLII. 
ld Place of the Icoſaedrum; And ſo © Spherical. Baſes, (co- 2 
vered over with 20 a exon Plain Baſes,) commprent the 5 
whole Spberick. N ; | 

FEOC is One of the 20 Pyramids in the Teofardram : AR. 
The Plain Triangle B, is One of the Hedræ or Nen Cithe- © Þþ 
Center of the Body, or ' Sphere, 955 Ann it. S 2M 


4:77 Icoſaedres 


4.24 Dodecaedres / Fill a Solid Place, as will appear * 
A 4= out of Precedent Practice by Treangles, | 
be 5 Oeuedres and Spherical 8 = > 4M 
0 bs $.000 000 Cubes 


That is to ſay, None of the Five Regular Boller fill a Solid 
Jace, the Cube only excepted. 


Contrary to what Potamon, and from him 2 and all 


that have followed Ramus; 3 to he, Snellize, and others, 
_ 9p delivered. 


LAN MATHEMATICA, 
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| "SECTION It 
Fr spherical Trigonometry, Ganerrialh. 


| | Performed. 
| Bhs, S the' Sides of Plain Triangles are Three Right Lines, | 
xf. terſecting each other upon a Pain: And a Right Line, ig 


The Sporteſt Extenſion. between any Two Points upon a Plain du 
perſieies: So the Sides of a Spherical Triangle are Three Arche 
25 Three Great Circles of the. Sphere, interſetting each othe! 
upon the Globe. And an Arch of a Great Circle, paſfing 
through any Two Points upon a Spherical Superficies, is the. 1 
eſt Diſtance between thoſe Two Points. 
In Purſuance of the Work in this Chapter intended, I ſuppol 
the Reader to be acquainted with the Circles of the Sphere; tha 
is, to know their Names and Situation upon the Globe, to whit 
Uſe each of them ſerveth ; and alſo, how to project any of thenl 
upon a Plain, anſwerable to any Paſition of the Globe : For tdi 
ſuch as do not, this Section will be but of little Uſe; and theres 
fore I would adviſe: my Reader, before he enter upon 'this Geonts 
_ rrical Way of reſolving Spherical Triangles, to peruſe the Begins 
- nings of the Second and I hird Sefions of the Third Part hereof; 
which treat of the Circles of the Sphere, and their ſeveral Pol 
jons and Affections; in which he may receive very much Satisf 
ion concerning thoſe Particulars. So that it ſhall 1 in til 
Place, that I declare, 
1. What a Great Circle is. 
2. How to Projef ſuch a Circle of 45 Sphere upon a | Pla | 
" ſaltable to any Day and Time of the Day, at any time of ti 
Tear, and in any Latitude. 
. To diſcover the Triangle, which i is made by the Interſofid 
of thoſe Great Circles ſo projected. A 
4. To find; the Poles of thoſe Great Circles. And, 2 
* To Meaſure the Sides and Angles of the Triang le i. li 
down: Which to do, is ers called, Toe B of I 


ue ſon of Triangles, I I. WA 
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5 I. What a Great Circle 3. 1 | 
H Great Circle of the 22 is ſuch a Circle, as divideth the 
whole Sphere into Two Equal Parts or Hemiſpheres : Of which, 
there are generally accounted Six, v1z, a 
ä Æquinoctial Col | 
The & Horizon _ & Th , Solſtitial 8 
( <C MquinoQiyl Ecliptick. 
Beſides theſe Six Principal Great Circles of 


or Vertical Creles. Al ſo all intermediate Meridians or Home Cir- 
cles, And theſe are ſuch as we have moſt occaſion to make uſe 


upon a Plain, Steriographically (or Circular, are either, (1.) Per- 


They are Streight Lines, paſſing throu 

tive Circle, as afterwards will appear. 

II. How to Project the Circles of the Sphere upon a Plain, and 
ſwerable to a Prefixed Time and Place. 


PROBLEM. 


upon the Plain of the Meridian, in the Latitude North, 
40 Deg. Upon the 10th of June, at the time of the Sun's Ri- 
ſing or Setting; and alſo at 10 in the Morning, or 2 in the Af- 
ternoon, the ſame Day: The Sun then having 23 Deg. 30 Min. 
of North Decli nation. - Ty — 8 
Firſt, With 60 Deg. of a Scale of Chords, upon the Point A, 
deſcribe the Primitive Circle Z H N O, repreſenting the Meridi- 
an of the Place. , 


Place; and at Right Angles thereto the Line Z A N, for the - 
qui noclial Colure, Z being the Zenith, and N the Nadir Points. 


of Chords, and ſet them from O to P, from Z to E, from H to 8, 
and from N to æ; and draw the Line P A S for the Axis of the 


FIR 
23 Deg. 30 Min. take 23 Deg. 30 Min. and ſet them from Æ 


to S, and from æ to : And . you lay a Ruler from A or æ 


- 4 0 wb > Eq 
$42 * 


ometrical Trigonometry. - _ 


of in this Place: And here note, That all Great Circles projected 


fe Circles (as the outward or Primitive Circle is. Or, (2) Semi- 
Great Circles, projected within the Primitive Circle. Or, (3.) 
gh the Centre of the Primi- 


J ET it be required to Projed? ſuch Circles of the Sphere in Plano, 


Secondly, Draw the Right Line H A O for the Horizon ef the 


Thirdly, Take 40 Deg. (the Latitude given) out of your Scale 


. Fourthly, Becauſe the Sun's Declinatton at the time given is 


to 


07 
. & 


+ 
Wi i 


omg” the Sphere there are | 5 
other Circles, which are Great Circles alſo. As are all Azimuth 


. 


$ 


World, and Hour-Circle of Six; and the Line A A æ, for the 


I; 7 


hs A EE on hs 
TW 1 
* 
8 


Tau Mathematica: 
to &, it will croſs the Axis of the World P A S, in the Point F; pl 
ſo have you Three Points, & F S, through which you may draw Mp 
the Circle S F; which will cut the Horrzon H A O, in the 0 


Point ©, the Place where the Sun will riſe that Day. to 


Fi/:bly, This Point © being found, you have Three other 


Points given, via. P, ©'and S; through which you may deſcribe WM << 


the Circle P © S, which is the Hour at which the Sun Riferh.. th 
And thus have you Projected, ſo far of the Problem, as. Wl thi 


concerns the Time of the Suns Riſing. Now for his N. 
Place of being at Ten in the Morning, or. Two in the. of 
rr - KEI © WOLF Gi 
Sixthly, Ten in the Morning, or Two in the Afternoon, are the 


(either of them) Two Hours, or 30 Deg. diſtant from the fe 


Meridian: Wherefore, take 30 Deg from your Scale of Chord, an 


and ſer them upon the Meridian, from E to G, then a Ruler 8. 


laid from P to G, will croſs the AÆquinoctial Circle . A «, tha 


in the Point B, ſo have you Three Points, 8, B and P, by im 


which you may Project the Circle S BP, for the Hour-Circle, | 
of Ten in the Morning, or Two in the Afternoon: And the IV. 


Circle SBP, will cut the Troprick of Cancer & A & (the Line I 
which the Sun traces that Day,) in the Point C; in which Point the. 1 


Sun will be at Ten in the Morning, or at Two in.the Afternoon. diſt 
Seventhly, And now have you Three other Points, N. C or ( 


and Z, through which you may draw the Azimuth. Circle : 
Z CN, for the Azimuth, that the Sun will be upon at Ten and , 
Two a Clock. I 2 Y 
III. Concerning the Spherical Triangles that are made by the Inter. 3 
Jfellions of theſe Great Circles thus projecled. Hs E 


Many are the Triangles, that are made by the Interſed ions of 
theſe few, Circles upon this Projection, bur 1 ſhall exemplifie on 4. 
ly in Two of them; namely, the Triangle PO O, Right-angled | 
at O, which is compoſed of Three Arches of Great Circles of 


the Sphere, viz. (I.) Of © O, an Arch of the Horigon, com. 5 
prehended between O, the North Point of the Horizon, F 
and ©, the Point the Horizon, whereon the Sun R:/erb WI A- 
that Day, or his Amplitude from the North. (2.) Of F ©, WM wher 
an Arch of a Meridian or Hour-Circle, paſſing through F, Perif 
the North Pole of the World; and ©, the Place of the hie 

Poles 


Sun's Riſing that Day, equal to 66 Deg. 30 Min. the Com 
FF „„ as plemen 


a? 


P OS EV 7 
* een N * 7 , 
WF * 1 


cf Gebesee, eee 


O, the North Point of rhe Horizon, and P, the North Pole, equal 
to the Latitude given, 40 Deg. 4 a. 

The other Triangle hall — the Oblique: l Pn FE 2 4 P. 
conſtituted by the Interſection of Three other Great Circles of 
the Spbere; namely, Of (1) Z P, an Arch of the Meridian of 
the Place, comprehended between Z. the Zenith, and P, the 
North Pole, equal to 50 Deg. the Complement of the Latitude 
of the Place. (2.)-Of P C, an Arch of a Meridian, or Hour- 
Circle» of Ten or Two a Clock, equal to 66 Deg. 30 Min. 


re. the Complement of the Sun's Declination ; or, the Sun's Di. 
be Runce from the elevated Pole P. And ( (3) Of Z C, an Arch of 
4% an Azimuth or Vertical Circle, paſſing through the Heur-Circle 
er S.C P, in the Point P, where the Sun is at Ten or Two a Clock 


that Day, and is the Complement of the Sun's Auitude at chat 
time. 


_ IV. To find the Poles of theſe Great Circles, bey being. bur 
ine Projetted. 

the The Pole of any PIs Circle of the Sphere, is, always, 90 Deg.- 
on. Ml diſtant in all Places, from the ſame Circle, upon a Right Line, 
C or Circle, which cuts ir at Right Ang les: So 

cle 1. The Pole of the General Meridian, or Primitive Circle - 
ind 2 HN O, is A, the Center thereof, in all Places diſtanc 


vo De 
2. The Pates of the Horizon H. O, are 2 and N; the Zenith 
and Nadir Points. 
3. The Poles of the Fquineflial A E, ate P and 8, the Poles - . 
of the World. 
4. The Poles of the Fquino@ial Colure, or Axis of the World. 
PS, are Rand . 
5. The Poles of the Prime Vertical Circle, or Azimuth of Eaſt © 
and Weſt, ZA N, are H and O, the North and South Poims - 


__ of the Horizon. 

h And thus vou ſes, that. all Great W oF hs Sphere, which, 
©, Wl when Projefted, become Strait Lines, their Poles fall all in the 

, Pe 1ferie of the Primitive Circle: But for all other Great Circles, 

the BY which conſiſt of Circular Arches, as P O8, PBS, and Z DN, the 

om Pes of them fall within the Primitive Circle E H N G, upon 


thoſe Great Circles, which cut them at Right Angles : 5 


nenen of the, Sun's Dec/ination that Day. And, (3) of PO, "wy. 8 
au Arch of the Meridian of the Place, comprehended between XII 1. 


* 
— bs . 
* 
* W 4 


f. iz mee ut ot the Fr OS will be upon 5 AN ar the ö 
KV. 7h Great Circle. 17 the Lie. A E roint 23 


(A0 
Which Points or Pole may be thus found. „ 
1. For the Pole of the Hour. Circle PO Q'S, lay a Ruler 

from P to Q, it will cut the Primitive (Circle in a, ſet 90 
1 Deg. of your Chords, from à to b; a Ruler laid from P to 
* b, will cut the Æguinoctial Circle in R, fois R the Pole of 
. the Circle PO QS. „„ „„ 

; | 2. For the Po/e of the Hour-Circle PBS, lay à Ruler from 
= P-ro B, it will cut the Primitive Circle in G ſet 90 Dep, | 
1 ft from G to c, a Ruler laid from P to c, will cut the gu. 

noctial in T, ſo is T the Pole of the Hour. Circle of 10 
ad 2, vis. PBS. | e 
3. For the Pole of the Azzmuth, or Vertical Circle Z DN, 

lay a Ruler from Z to D, it will cut the Primitive Cirel 

in d, ſer 90 Deg. from d to e, a Ruler laid from Z to e 
will cut the Horizon H A O in V, fo is V the Pole of the 
Azimuth Circle Z D N. „ 

And in this manner may the Pole of any Great Circle be found. 

For the Centers of them, they always fall in the ſame Right Line, 

in which their Po/es are, they being extended, if Need be: But 

no more of this in this Place: For I-intend not here a Treaiiſ⸗ 
of Projection, but of the Meaſuring of Triangles, to which | 
now proceed. i | Tn 


V. How 0 Meaſure the Sides and Angles of. Spherical Triangles 
they being thus Projected. On | 


You muſt underſtand, That the Quantities of the Sides and 
Angles of Spherical Triangles are meaſured upon the Peri ſerie ol 
the Primitive Cirele. 5 „„ 
| Then, 


1. In the Right angled Spherical Triangle P O O, Right. as 
gled at O, there is given, (1.) The Perpendicular P O 40 

| _ Deg. equal to the Latitude given by the. Propoſition 
2.) The Hyporenuſe P ©, the Complement of the Sun 
Dec/ination 66 Deg. 30 Min. And let it be required to 

to find the Baſe © O, whoſe Meaſure is © O, the San 
Ampliude. i r 


"th 


Of. Geometrical Trigonometry. 
Lay a Ruler to Z, the Pole of the Horizon, and to the A. 
gular Point G, it will cut the Primitive Circle: in the Point f. 
ſo the Diſtance from / to O, meaſured upon the Scale of Chords, 
will be found 10 contain 58 Deg. 38 Min. and that is the 
Quantity of the Side OO; and is the Amplitude of the Sun's 
Rifing or Setting from the North Part of the Horizon at O; 
and its Complement, 31 Deg. 22 Min., is the Quantity of the 
Arch A ©; the Sun's Amplitude irom A, the Eaſt and Weſt Points 
of: the Hor1207.. Eo DD 5 
1 be Canon for Calculation , : 
Met : Radivs-: : co @ · E @ IE, 
- = $0% doo. 336 2am; 31 d. 22 m. 
22 By the ſame Things given to find the Angle at the Per. 
pendicular OP O, whoſe. Mreaſure is the Arch of the Æqui - 
noctial T æ, or the Hour from Midnigbt. 1 
Lay a Ruler to P, the. Pole of the World, and T, it will cut: 
the Primitive Circle in a, and the Diſtance à £ meaſured upon the 
Scale of Chords, will be found to be 68 Dep. 36 Min. And 
that is the Quantity of the Angle OP O: Which 58 Deg. 36 
Min. converted into Iime, (by allowing 15 Deg. of the Æqui- 
noctial for One Hour, and 4 Dep. for One Minute of Time) makes 
4 Hours, and 34 Min. Which is the Hour from Midnight, or 
the Time of the Suns Riſing in the Morning: Whoſe Comple- 
ment to 12 Hours, is 7 Hours, 26 Min. the Time of the Suns 


Setting. | 8 
i ' The Canon for Calculation is, 
- As Radius: r. PO. :: <6Þ ©. :/ ca @3 Qs - 


* 


1 r ae the. Hour Circle P O8, and the Horizon | 
; ©. 5 8 He oy 8 3 . 
Foraſmuch as the Sides © P, and © O, of the Triangle 
P O O, are leſs than Quadrant, we muſt meaſure the Angle 
P 3 DOM the Angle H © S, which is equal to it. To perform 
Lay a Ruler to R, (the Pole of the Howr-Circle POS) and O, 
the Angular Point, and it will: cut the Primitive Circle in h; 
then ſer 90 Deg, from h; to. A Ruler laid from the Pole R, to 
„ ; Ns „ OS: 


— n S * yo 
4 a ö 
4 = ? \ 
*> : 4 * 
— a 
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g. a, will cut the Hour. Circle P Qs in &. Then lay 2 Ruler fron 

.O to K, it will cut the Primitive Circle in /, and the Diftance 
from / to H, meaſured upon the Scale of Chords,: will be found 
to contain 44 Deg. 30 Min. for the Quantity of the Ang} du 


this is the Angle of the Suns Po 


or Setting. - 


_ gled. Spherical Triangle PO O meaſured: And the like may 
de done in any other Right-ang/ed Triangle; of which, in this 
Scheme there are many. : 


equal to the Complement of the Latitude given. (2.) The Sid rer 
CP, 66 Deg. 33 Min. equal to the Complement of the Sun 


Horary Diſtance of the Sun from the South Part of the Meri 
dian; namely, at Ten or Two of the Clock. And from the: 
Things given, let it be required to ſind the third Side Z C 
the Complement of the Sun r A/trrude at the Time of the * "! 
- Queſtion, v2. at Ten in the Morning, or at Two in the After. 
noon. Which, to perform, „ on So 
Lay a Ruler to V, the Pole of the Azimuth Circle Z D N, 


be found to 3a Deg. 7 Min. whoſe. Complement D C, 59 
Deg. 53 Min. is the Sun Altitude at Ten or Two of the 
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H-© S, which is equal to the. Azg/e P O O required: And 
| x (in reſpect of the Pole P, -nq 
and North Fart of the Horizon O,) at the Time of his R 


oy. The Canon for Calculation 2 5 | * 
As. g. PO: Radius:: „ PO: PSO 
66 d.3om. 0 d. 40 d. : 44 d. 30Om. an 
And thus are all the Szdes and . Angles of the Rigbt.-an. 


x 


» 


VI. And now for the Oblique-angled. Spherical Triangle Z C5. 
In this Triangle there is given, (1.) The Side Z P, 50 Dep ar 


Declination given. And, (3.) The Azgle Z P C, 30 Deg. the 


and to the Angular Point C, it will cut the Primitive Circle in 
m, and the Diftance from Z to m, by the Scale of Chords, will 


Clock, that Day. is | OT. 
I)!hbe Canons for Calculation im | 
(2) Weg: Radius: cn Pt ü 
40 d. : god. :: Co d. : 45 d. 56 m. 
Which ſubſtracted from P C, 66 d. 30 m. there remains 
20 Deg. 34 Min. W „ 
”, (&) AScs EV t. ZP: : en bun : nen 
44d. 4m. : 40 d. 22 690; m.: 594.537 | 
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zreof, you muſt, 7 
a Lay a Ruler to the C 
- My point C, it will cut the Primitive Circle in n, ſet 90 Deg. 
n thi rom m, and it will reach toz.: A Ruler laid from V to , will — 
roſs the Circle Z DN in the Point X. — Again, Lay à Ru- a 

CP. Her from T, the Pole of the Circle P B 8, to C, the Angu- 
Y ar Point, and it will cut the Primitive Circle ino, ſer 0 Deg. 
e Sig rom o to p: Then a Ruler laid from T to p, will croſs the Circle 
Sn B S, in the Point Y. —Laſily, A Ruler laid from C, to 
- the and Y, will cut the Primitive Cre in rand s, fo the 
Mer. Midance between 7 and , meaſured upon the Scale of Chords, 

thefs vill give 49 Deg. 46 Min. for the Quantity of the Ang/e 
209 CN which is equal to the Ang/e Z CP enquired. And 
f tte che Age of the Sun's Poſition at the time of the Queſtion. 
Aff e Canon for Calexletion Cn 

: 1 „ : +S4rt :: , „ „ a 1 
fr 30d. Fm. : 30 dl. (, 3 gon ©: _ 
P ph f To find the Vertical Angle CZ TP. — 
A „This 4ng/e is the Sun's Azimuth from the North Part of of 
tf the be Meridian Z O N, whoſe Meaſure is the Arch of the 4 


orizon DAO; and to find the Quantity of it, lay a Ru- 


ler from Z., the Pole of the Horizon, to D, it will cut the 
Primitive Circle in d; ſo the Quantity of the Arch 4 N O, ; 
meaſured upon the Scale of Chords, will be found to be 113 AX 
„beg. 57 Min. And ſuch is the Sun's Az:muth from the North — 
main Fart of the Meridian: The Arch 4 H, 66 Deg. 3 Min. is the — 
— Sun's Aermuth from the South; and the Arch 4 N, 23 Deg. 1 
33575 2 . A _ - So „ 


. Rc 


Fo. | : The Cala for. C ase, £08 
XLIV. I . Z C : . EPC 4:6 CP + 3. CZ 
1 N 30 d. :: 66 d. 30 m. 66d. 3 m. 
X | | hats > 225 (Or, 113 d. 
5 And thus are all the | Sides and Angles of this Oblique- 


. Triangle alſo Moalured : And ſo- — as 7 oi 
cing thus Projefled. - 


And, to conclude, This Pro gree Way Way will give greg 
Light to Calculation; for by the true delineating of yout 
Triangle upon the Projection, you ſhall thereby diſcoa 
whether your Side or Angle be More or 'Le/s than 

Quadrant, and ſo be policing in your Reſolution ; which 
_ otherwiſe you muſt have Given, or render 'a double Sy 
lution: As in this laſt Angle G 2 P, whether it wen 
66 Deg. 3 Min. Or 113 Deg 57 Min. The lame "_ 
in the Canon anſwering to both. 
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'$ECTION IV. 


; 7 Sphinn! Trigonometry , Inftrumentalh 
Explained and Performed. 


n E Ex] anatory Inſtrument here deſcribed, is for the bet- 
ter Information of the Fancy, by Speculation; and ir 
s deduced from the Carholick, or Unrverſal Pro 72 tion, be- 
fore treated of in Part II. Sed, II. Cbap. III. of this Book. - 
Notwithſtanding, for the Convenience of the Reader, I tha here, 
gain, inſert it. 


Propoſitio tion Univerſal. 


The Sine of the Middle Part, and the Radius, are Reci- 
procally Proportional, with the Tangents of the Extream 
Parts Conjunct, and with the C of the Extreams | 
Disjunct. F 


In every Right-angled gebe Dünn there are Eve Pars, 
deſides the Right Angle, and they are called CI RCUL A R 
PARTS: Of which, thoſe Three which lye moſt remote 
from the Right Angle, (as the Hypotenuſe, the Angle at the 
Perpendicular, and the Angle at the Baſe) are noted by their 

OMPLEMENTS. 

Of theſe Ejve Circular Parts, any T wo of them (belides the 
Right Angle) being given, 2 Third may be found. And, 

Of Three Parts, (Two iven, and One required) One muſt 
necefſarily) be in the Mi dle, and muſt be called the MID- 
DLE P 1 RT. 

Of the other Two Extream Parts, they muſt either Foin to the 

idle Part, or be Separate from it. 

' Conjunt?. 


f they $ Joined to it, 1 2 ied "I alled 


Separate from i it, ten Dagjund. | 
og 1 It 


Il the Extreams be Conjuntt, the Proportion muſt be performed: 


Il che Exireams be D&junit, the Proportion map be perfotmed by 


Ffis Inftlrument was the Coutrivance (many Years fince) of 


dive of them have been made in Si/ver and Braſs about the 
Bigneſs of a Crown Piece, with Verſes in Latin about the Rimb, 


and under them, Co. ſine. All which Words anſwer directly to 


be Upper Plate of che Inftrament is a Circle alſo, divided 


Concentrick Circle, between which are Five Lines drawn from 
the Centre thereof. — Within the innermoſt of theſe Circles, 
there is deſcribed a R:ghri-angled Spherical Triangle, the Five 
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by Sines and Jangents jointly. — But, 


0 


Sines only. 


| „ee een opp 
If the Part Sought (whether Side or Angle) fall out to be the 
Aliddle Part, then the Radius muſt be the Firſt (or leading) 
ite Proportion. - But. F 
If one of the Ex!rcams (whether Conjundt or Digunit). poſſeſs 
the Mrddle Part, then the other Extream muſt be the Firſt 
Term in the Proportion. „ a 1 
Of the Inſtrumeut. 1 


* 


8 
Pay 
Q 


the Right Worſhipful Sir Charles Scarborow, M. D. and 2 


for the better bringing the Rules to be obſerved, in the Ufe 
of it, to Memory, Which were to the ſame Effect with thoſe 
which I have even now laid down in Engliſh. „5 

The Inſtruments conſiſts of Two Parts, the undermoſt is 2 
round Piece, divided into Eve Equal Parts, which repreſent the 
Five Circular Parts before ſpoken of, it hath Two Circular 
Margins, near the outer Edge thereof; in One of the Five 
Parts is engraren Middle Part, and under it the Word Sine. 
—On either Side of Middle Part, there is written or en- 
graven Extream Conjundt; and under them, the Word Tan- 
gent. —In the Two other of the Eve Divifions, which are 
oppoſte: ro Middle Part, are engraven Extream Dz5junil, 


the Words of the. Univerſal Propoſition: And this is all that is 
upon the Under Plate of the Larne; : x. 


into Five, Equal Parts as the former, and within that another 


Circular Parts whereof do lye directly againſt the Five Lines, 
drawn from the Centre between the Two Circles: And upon 
thoſe Three Lines which lye . againſt the Hypotenuſe, the An. 
gle at the Perpendicular, and the Angle at the Baſe, is wilt 
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FOR 


etry-| ( 


And 


As the Tangent of half the Baſe, 3 


"| Is tothe Tang. of half the Sum of the Sides, © 


So is the Tang. of half the Difference of y Fides | 
To the Tang.of half the Difference of the | 


Segments of the Baſe. 


It is 
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O Inſtrumental Trigonometry. 119 
ten, or engraven, Complement ; but upon the other Two L iges 
which iſſue from the Perpendirular, and the Baſe, there is hlnjoß' *- # 
thing written. — This Upper Plate is to move upon rhe Under M 
Plate by a Rivet (or ſuch like) through the Centers of both 
Plates: And fo is your Inſtrument finiſhed. - . 8 


I) be Uſe of the Inſtrument. 

TA Uſe of the Inſtrument is principally to give you by + 
or nas the Order of the Terms of the Proportion in 

any Caſe. 5 PEO 7 | 
E In the Triangle A B C. ſuppoſe there were given Fre. 
the Perpendicular C A, and the Azg/e at the Baie B, to find the XIV. 
Angle at the Perpendicular C. | „ 

Here it is evident, that the Auge at the Baſe B, is the Mid. 
dle Part: Turn the Rundle about till you bring the Age at the 
Baſe againſt Middle Part: Then ſhall you find that the Perpen- 
dicular C A, and the Angle at the Perpendicular C, will ſtand 
againſt Extreams Disjunct; which tells you, that C A and C. 
re Extreams Disjundt And now (the Rundle thus reſting ) 
you ſee that One of the Extreams, as C, is fought ; therefore, 
the other Extream C A muſt be the firſt Term in the Propor- 

ion, againſt which you find Co-/ine. Wherefore ſay, 2 
s the Co-fine of the Perpendicular A C, | 5 „ 
Is to the Radius: : 333 8 | 1 
8o is the Middle Part the Angle at the Baſe B, (againft which : - _ 

ſtands Sine and Complement, that is Co-ſine B.) . . '% 
To the Angle at the Perpendicular C, againſt which ftands Co- 


fine and Complement ; that is Sine; for, Co-/ine Complement - = 
is the Sine it ſelf. 5 l 5 
And fo the Proportion in ſhort is this: . 5 
As c . CA: to Radius:: So g. B: tog. C. 4 
„ Another Example. | Se” 
In this Triangle ABC let there be given the 8 CB, Fg. 3 
d the Angle at the Perpendicular C, to find the Baſe BA.  XLVI._ 3 
It is evident that B A is the Middle Part. Bring B A againſt _ 1 
ne Middle Part, then will CB and C ſtand againſt Extremes 1 
%%: And (becauſe the Middle Part) B A is fought, the 1 
dias muſt be the Firſt Term in the Proportion, and the Two By 
xtreams the Second and Third, againſt both which ſtands 2” 
omp. Coſine, (which is Sine); and againſt B A the oye ot 17 7 
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Part ſought, there ſands Sin alſo: | 80 ar vat — 


will run thus: 


As Radius, 


To the Sine of the . Ang le the Perpend cular, C. Þ 


So is the Sine of the Hypotenuſe CB, 


To the Sine of the Baſe BA. 


Fg. 
XLVII 


A Third Exanple, 5 | 

In this n ABC, let there be given the Perpendici 
CA, and the Axgle at the Baſe B, to find the Baſe BA. 

Iris here evident that A B. is the Middle Part Turn the T 


angle about till the Baſe A B lye againſt the Middle Part; th 
will the Perpendicular C A, and the Angle at the Baſe B, | 


againſt the Exrreams Con uncl; and ſeeing the Middle Part 


fought, the Radius therefore muſt be the Firſt Term in the f 


portion: And becauſe the Extreams are Disjunct, the Proporti 


will be in Sizes and Tangents jointly, as by the ebe 
pears: And the Froportion will be 


As the Radius, 


Is to the Tangent of the Pojventiieniar c A: 


So is the Tangent Complement of B, 
To the Sine of the Baſe B A, 

But if the ſame Things were given, and the Ang de at Ci 
Perpendicular, had been required, then B had been t 
 Mrddle Part, and C A and B, the Extreams Dzjul 
and the Proportion in Sines only. As thus.: 


As the Co fine of C A, 


To Radius: 


So is the Co-ſine of B, 
To Co- ſine Comp. (that is, to Fine) of C.- 


And thus, by this Inſtrument, may the Proportions for t 
Solution of any Rripht-angled S pherical Triangle be readi 
ſer down, and the Triangle reſolved in any of the XVI. Caf 


On the Back-ſide of this InfIrument, there is another Con 
vance of the forementioned Gentleman's, with Latin Verſes | 


bringing the Rules for the Solution of Oblique-angled Sphert 


Triangles ro Memory. 
I ſhall not here give you any Account of i it more than i 


Figure, and the Latin Verſes (or Rules) in Engliſh: Referii 


you, for the farther underſtanding of it, to What. 18 delive 
in the IVth — hereot, — „ | 
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ropa Of the Solution of Spherical Triangles, by © 
_ >: 2 PLANISPHERE.... 


A Planiſpbere, is a E of the Sphere (or Globe) in 8 
Plano: Of which, there are principally Two; One called ig. 

rereographical, projected by Circles ; The other Orthagraphical, RLVIIL. 

rojetted by Ellipſes, and generally known by the Name of 

nalemma. . | > 

To either of which P/ani/pheres, there belongs proper Indexes, 

move upon the Centres of the P/ani/pberes. As to the Ste. 

graphical, an Index having Two Legs as a Seftor , both which 


pendicil 
n the I 


"1 3. "ie to be divided, according to the Tangents of half Arks, as 
e Part Ne Semidiametre of the P/anſphere it ſelf is divided, and muſt 
1 be _—_— by 10, 20, 30, Cc. to 90 Deg. both Ways, and 
TY oth Legs. 5 . 75 | 
f To the Analemma, or Ort pagraphical Projection, there muſt be 


en hr Indes of the whole Length of the Diametre thereof, to move 


bout upon the Centre of the Projection, which muſt be divided 

s the Diametre of the P/aniſphere is; namely, as a Scale of Na- 
ral Sines, and muſt be numbred both Ways, from the Cen- 
e, by 10, 20, 30, &c. to go Deg. —Upon this Index, (by help 
fa Groove made through the former Index) another Index is 

) be made to move upon, and with, the former, and always 
eeping at Right Angles with it: And this Index is to be divi- 
ed as a Scale of Sines, as one half of the other; and fo 
mbred, by 10, 20, 30, Ec. to 90, both Ways: And this ſe- 
ond Index (in the Uſe of this P/ani/ſphere) I ſhall call the 
rſor. And thus much for the Deſcriptions = 
Concerning their Uſe, I ſhall only lay down ſuch General 
ules as are neceſſary for the counting of the Quantities of 21 
e Sides and Angles of Spherical Triangles upon the ſeveral | 
aniſpheres and their Indexes; in all Caſes, both of Right 


; at 6 th 
been l 
Dzjuni 


15 for t 


be read ge Kees i 

d Oblique Triangles. Not inſiſting upon particular Examples, 
VI. ot char” through all this Book there are ſuch Variety. All 
er ContWhich (by theſe few General Rules here delivered) may be 
Verſes frought upon either of theſe Two ProjeCtions. 
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Fig. The Solution of Spherical Triangles, by the 
LXVIII. S8tereographical Projection. 5 
I. Of Right - angled Spherical Triangles. 
1. TO retain the Method before obſerved in the 16 Caſe of 
Right. angled Spherical Triangles; I will here alſo f 
low the ſame Order, wherein 1 ſhall note the Triangle to x 
reſolved by the Letters A B C, ſetting A at the Ryght Anz} 
and B and C at the other Two Acute Angles: So ſhall th 
Baſe be AB; The Cathetis, (or Perpendicular) C A, Th 
| Hypotenuſe B C. —The Angle at the Baſe B; and the Angle: 
A ˙ V — 
2. There are therefore, beſides the Right Angle, Five Cr; 
lar Parts; namely, Three Sides, and Two Angles: Of whit 
Four come into the Account at once; Two of them are give 
and the other Two found out.. EP 
3. If the Four Parts, which at once come into the Account, þ 
the Three Sides, and One Angle. —Let that Acute Angle be eve 
more noted with the Letter B; and the Triangle may be reſol 
— | | 
Set the Angle B at the Centre, reckoning it upon the Lin 
from the. Diameter; and the Baſe B A upon the Dꝛameter ſto 
the Centre; and the Cathetzs C A upon the Great Circki 
from the Diameter, by help of the Parallels; and the Hypoteniſ 
B C upon the Index from the Centre. — Note, That if anyo 
thoſe Accounts, fall not juſt upon ſome Line in the Inſtrument 
either of the Great Circles or Parallels, the Exceſs is to b 
eſtimated in Minutes or Parts of a Degree. 3 
Example. The Perpendicular C A, and the Angle at the Bk 
B., given; Tofind, (1.) The Baſe BA. (2:) The Hypot 
nuſe CB. (3.) The Angle at the Cathetus C. 0 
1. Reckon on the Limb, from the Diameter, the Quantity d 
the given Angle B; and to the End thereof, ſor either of ter 
Legs of the Index. - OE 2 NE 
2. Upon the Limb, from the Diameter, reckon the Cathe!uMhoſ 
CA; and from the end of that Arch, eſtimate reaſonably, 1 
Parallel Circle, till it meet with the Index For that Point one 
Interſection ſhall ſhew both the Hypotenuſe B. C, upon the lt 
dex : And. the Baſe B A, upon the Great Circle, meeting all 
in that Point. — Then, to find the Auge at C: Take CA 
: : : : 95 ; : ESD. ; 8 [ p 


Semicirelèe towards ; and contrariwiſe, for the lower Pole $ 
Ehen, upon the Diameter, count the Angle given, D or} 


Parallel of the Complement of the reſpective Side given 


for the given Side, either DC or B C. To this Point C, thy 
Found, apply the Index noted with the proper Letter of the 


— 8 


Jana Mathematica. 
the Parallels; namely, the Sides themſelves, from the Pal 
or their Complements and Exceſſes, from the Diameter. 
Note, That of a Triangle, the Conjunct Angle, or the Out 
Angle, is all one. by „„ | 


4. Two Sides of an Oblique-angled Spherical Triangle, where 
of one is B D, with the Angle intercepted, being given: I 
find out, at one Work, the Third Side; and the other Angh 
at B D. „ 1 


There are theſe. Two Varieties 


© CDCatD 5 of CBC als: 
Given, ; | „ find „ 5 5 
en ben 


5. The Rulc. If the Angles D and B, be reckoned in th 
Upper Semicircle of the Planiſphere, at the Pole N, and . th 
Angle D be Obtuſe, or B Acute; the Point C ſhall be take 
in the former Semicirele towards S : Bat, if the Ang/e Dh 
Acute, and B Obtuſe, the Point C {ſhall be taken in the 41. 


either by it ſelf, or by its Conjuntt, aceording as was taught 
in Sell. 3. And from the end of that reckoning, imagine u 
Arch of a Great Circle aptly traced; until it meet with the 


D Cor BC, for that Point of Concurrence [hall be the Point ( 


Angle given, D or B; and mark the Diſtance of it from the 
Centre; for this Diftance being exactly taken on the othe 
Index, ſhall in the P/ani/phere give the true Place of the 
Point ſought : Which being aptly eſtimated, will, upon thi 
Diameter, ſhew the Angle ſought ; either B, or the ConjunQ I; 
from S ; or elſe, the Conjun& of B, or the Azgle D, from 
W. And, it will alſo ſhew upon the Linb, the Complement 0 
the Side ſought. : | j 8 
By what hath been before ſhewed, (that the Point C, both 
of the Sides D C and B C, are evermore equally diftant fro 
the Centre,) there is opened a Way, whereby Any Two of Fi 
Circular Parts; together with the Side D B, being given, il 
other Iwo may be found at one Operation. ; 2 
erel 


iſ 
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of Tat Missa denetry. n A 


eerein are Four Varieties, | | + 2 
r. -D C — CY rs DnB. N 
DC and „ EFab „„ <> bd ce” — 
B and BC ( to find out JD CB. — "_ 
ir 2 and B F 5 65 - BE D'C and B "2 | | | 1 
wy. cat * RNS * * 1 3 _ 
hs The R ii de drop 1 Mi 
er Ang In the Upper ee of. the Planiſphere, if he Py D — 
N e Obtufe : Or if the Side D C be much Leſer than B C, = .*_ - ̃ 
8 e Point C ſhall be taken in the former Quadrant towards S: , . 
8. ut, if D be Acute, or D much Greater than B C; _ —_— 2} 
: int C ihall be taken in the latter Quadrant towards. y. And, 3 
JN: : ontrariwiſe, in the Under Semicircle. —And in both, if the A. A 
| les D and B be Acute; or if the Sides DC and B „„ -. 
d in thyWut little in length, the true Point ſought, ſhall fall near the - 
and th xis, towards W, within a Space, equal to the Iadex e at 
be take he Wideneſs of B D. 
gle DM Set, therefore, the Index thus opened, Jo that the Tivo Foints. 
the /atte may fall within it. And among the Great Circles and Pa- 
r Pole $ allels, or both (according as Reaſon ſhall direct) reckon the 
D or wo Circular Parts given, tracing them proportionally, with a 
is taughiWin in each Hand, until they ſhall both exactly meet witng 
agine aſhcir proper Legs of the Index. at an equal Diſtance from the 
with theentre, and as near to it as poſſibly may be: So have you up: 
given the Planiſphere, the true Places of both the Points C; and 
Point 0 bereby, the Two Circular Parts ſought, reſpectively, to each 
. th 'ointC; both of D C, and B C. 
„ of tel And note farther, That if any Point C, falleth, either among. 
rom theMhe Parallels, near "the Diameter, or among the Great Ci rcles, 
he othei bear the Limb; where they be almoſt equidiſtant, there ma Ml 
of tee ſome Uncertainty in finding the true Points exactly: — . 
pon the emedy ing whereof requireth the more Diligence in the Compu- = 
go Dc”; but this, may be remedied, by reducing the Obligue Trium 3 
fon /e into Two Right. angled. 2 
[ement Other Inconveniencies may ariſe in the Ute of this, as in all —_— 
PP Wther Inſtrumental Operations; for the remedying whereof * 
C, both ſus p, Mag? fore | | FF — ——_ 
ant fro = | — 
0 of Fivt 
ven, I Fhe- 
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= 16  * Jana Mathrwatica. 
lf Fs. The Solution of Spherical Triangles, by the Orthograph 
1 aul Projection, or Analemma. 
5 . I. Of Right. angled Spherieal Triangles. 
I, T HE Hypotenuſe is, always, repreſented upon the Index 
2. The Right Angle, at the Section of any Meridia 
and the „ 25; Fe. FE | 
f 3. One Leg in the Meridian, and the other in the Aquin 
4. One Angle only entering the Queſtion, is repreſented x 
the Centre, between the Æguinodlial and the Index, and is nun 
bered in the Limb. 5 
5. But the Two Augles entering the Queſtion, you muſt turn th 
Caſe into an Angle, and its _ Leg. For in the Triang 
AB C, whoſe Right Angle is A; the other Two Angles AB 


and A C B, both entering the Queſtion, you muſt lengths 
the Hypotenuſe to a full Quadrant to E; as alſo, the Legs a 
_ to that Extremity of the Hypotenuſe, from which it w. 


lengthned. Thus in the Scheme, the Leg A C, adjacent to 
from which Extremity the Hypotenuſe was lengthened : 4 
ſo, in the Triangle C D E, Right-angled at E: The Ami 
DCE is equal the Angle BCA; and the Leg DE, equalt 
he Complement of the other Angle CBA. 
Il. Of Oblique-angled Spherical Triangles. 
1. Three Sides being given; To find an Angle oppoſite to 4 
of them. 5 e 5 oe nr 
' Reckon the Greateſt Leg from the Pole upon the Limb, an 
where it endeth, apply the Index; upon the Index reckon, from th 
Limb, the Baſe ;, (that is, the Side oppoſite to the Angle ſought: 
And to the Point of the Index, where this Ba/e endeth; appl 
Cor bring to) the Czr/or : Then look where the Curſor cuttetiiſh,.; 
the Parallel of the Leſer Leg, to be reckoned from the Pole 
and obſerve what Meridian paſſeth by this Section of the G 
ſor and Parallel; for, where this Meridian cutteth the Au 
naodlial, there you have the Meaſure of the Angle ſought; tt 
be accounted from thence to the Limb. WE, 
„ 2. Three Angles given, to find a Side. 
Turn the Angles into Sides, and deal with them, as with thi: 
Sides. „ . 
3. Th 


Of Inſtfumental Trigonometry. - 
ograph 3. The Parts Given and Sought, being altogerber Oppoſite. 
= Reckon the Greater of the Two firſt Terms upon the In- 


x, and | 
at Point to the leſſer of the ſaid Two firft Terms; which 


4 Index, [rallel is to be reckoned from the Æquinoclia!; then order the 
Meridian, me, reckoning the Firſt and Third beth upon the Index , 
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and where this Number endeth upon the lader; apply 
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3 both upon the Paraliel; and ſo likewiſe do with the Se- 
Aquin 1d and. Fourth Terms. TO <7 0 , 
ſented 4. Two Sides, with an Angle between them Given To find Cc 
1 is nun the Third Side. | = LE "0 
Reckon the Greater Side given, from the Pole upon the 4 
t turn nb; and to the end of it, apply the Index. Reckon the other = 
Tria, Given upon the Parallele, from the Pole : And the An- 
es AB given, upon the Æui noctial, from the Limb; and the Me- 
lengthe ian it comes to, purſue till it comes to the Parallel of the : 
Legs aW-//er Leg: And to this Secfion of the ſaid Meridian and Pa- of 
ch it el, apply the Curſor, ſo it may juſtly lye on the Index, -Y 
nt to Md mark what Point of the Index it pointeth out: For, this. 3 
2d : Aint of the Index, counted from the Limb, is the Third Si de p 
e A guired. And after the Third Side is found, you may find : = 
equal q ther of the Two unknown "Ang/es, by the Rule for Oppoſite 9 


IS, 


Given: To find the Third Side. 

Reckon the Difference of the given Sides, and the Sum of 
tem (one and the ſame Way) from the Pole; and mark the 
pints where both of them do end. Count alſo, the Angle 
Iven, upon the Æquinoctial from the Limb, and mark what 


e 10 4 


mb, aul 
from th 
ſought; 
3 appl 


7 cut” Aying a ſtrait Ruler) between the Two Points marked in the 


he Tan; it will cut the ſaid Meridian in Two Places: So you 
the e to obſerve the Parallels, where the ſtrait Line (or Ruler) 
e /£/Mteth the ſaid Meridian for, theſe being reckoned from the 
ght; . ole, will give you the Quantity of the Third Side required: 


or, this ſame Third Side, may be of a Twofold Quantity: 
he Leſſer it is, when the Angle oppoſite to the Greater given 
ide is Obtufſe and the Greater it is, when the ſaid Ae 
ppolite to the Greater given Side) is Acute. | 


with ti 


3, ö 


5. Two Sides, and an Angle oppoſite to the Leſſer of them; 


leridian it cometh_ to. Then extending a ſtrait Line (or ap- 


6. To 
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' paſted upon a Board, 4/0 Triangles, both Plain and Spherid 


the given Axgle upon the AÆqui noclial: And extend the finj 
Line (or lay a Ruler) cutting the Meridian, as in the laſt; f 
now it will cut but once; and ſo the Third Side will adm 


ſince contrived them, to be uſed with Compaſſes: And I hay 


or thin Srrezght Ruler, upon the Inſtrument ; the Deſcription an 
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6. Two Sides, and an Angle oppoſite to the Greater of 1); 


| "Given; To nd the ds... 
RNeckon the Difference of the glven Sides from the Pole, 0 
way; and the Sum of the ſame, the other way. Count alf 


only of one ſingle Anſwer. 5 SH c 
. ©, The End of the Second Port. 
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5 FOS 
TAny are the Ways by which Plain and Spherical Triangl 
M may be both Geomerrically and Inſtrumentally performet 
As by Scales of Natural Sines, Tangents, Secants, and Fqu 


Paris, by Protraftion : Alfo, by Scales of Artificial Number 
Sines, Tangente, and Verſed Simnes, as Mr. Gunter long tim 


now lately contrived an Inſtrument, which I call T R ISS0 
TETRAS, which printed on a large Sheet of Paper, an 


may be Reſolved by Inſpection, without Pen, Compaſſes, openin 
Fornts, or other Moveable; fave only the Extenſion of a Thred 


” 5% 


Uſe whereof I may hereafter publiſh by it ſelf. But, the beſt an 

moſt abſolute Way of Rę/olving Triangles; and to what Uk 

ſoever they be applied, is by the Canons of Artificial Sines, In 

gents and Lagari ihms; both Decimal and Sexaginary : And ſud 

2 Canon was intended to be joined to this Book, at this tim 

— * be referred till farther Opportunity, which may | 
ortly. 5 i 3 
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ANCILLA MATHEMATICA. 


VEL 
Trigonometria PraQtica. 


PART 111. 


WHEREIN 


The Doctrine of PLAIN and SPHERICAL 
TRIANGLES is applied to Practice: In 


Longimetria,) 
Planometria, 

| : Plains, - 
teriometria, / 5 Solids. 


Diſtances, 


Geometry. 2d _ 


(Geographical Diſtances of Places on 


3 >» 3) and or Sea. 
Coſmography. V 25, 
< 


( CAftronomical and Fixed Stars. 


J ß? B Calculation: After a 
W>ciogr aphia: 59D alling, J. 2 new Method. * 


The — Chart. 


Middle Latitude. 


LL. 


By William Leybourn Philomathemar. | 


EQ. N D. 0 „ 
Printed Anno Domini, M.DCC.IV. 
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Motion of the Sun, 
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Heights, Ter. | 
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 INGILLA MATHEMATICA. 


VEL, 


Tr igonometria Practica. 


— ME —CC——— — 


— — 


SECTION: A 


1 — * 


GEOMETRY. 


N this Sechion of GEOMETRY, I ſhall treat only of 
ſuch Praclical Parts thereof, as the Docfrine of Plain 


-monſtration) becomes ſubſervient : As, 


In 4LTIMETRIA: By which the Height ofany Object 
(acceſſible or. inacceſſible) may be obtained; As of Towers, 
Steeples, Trees, &c. 85 e | 


(or Right-lined) Triaggles, (both for their 1//uftration and 


* 
g 
1 4 1 | 
- 
- 
: - 
4 > 
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In LONGIME T RIA, By which the Diftance of one 


Object from any Place, or of many Objefs one from another, 


(whether approachable, or in- approachable) may be known, 


their true Pofitions laid down, and a Map made of them. 


In PLANOMET RIA: By which all Kinds of Sz- 


perficies, (Regular or Irregular) as Plains, Land, &c. may 


2 
# Jo 
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Ancilla Mathematica. 


CHAP. I. 

Of ALTIMETRIA. 
5 F ; J Of an Altitude that is Acceſſible. | 
; $ i ; Fg. I. Glppoſe AC to be a Tower, Steeple, or other upright 0; 


and you ſtanding at B, were required to tell the Hei 
thereof. Firſt, Meaſure the Diſtance from B, to the Foot of th 
Object A, which ſuppoſe to be. 4.32.5 Feet. —Sgcondly, At B, ( 
2 Quadrunt, or other Graduated Ie ok ute the top 9 
the Object at C, where we will ſuppoſe the Degrees found by th 
Inflrument to be 32.25 deg. —By this Ob/ervation, the Diſtan 
Meaſured, and the Objed, you have a Right-angled Triangle co 
ſtituted; in which, there is Given, (I.) A B the Diſtance Meaſu 
red 43 2.5 Foot. (2.) The Angle at B, obſerved by your Inftry 
ment, 32.25 deg. And, (3.) The Right Angle at A: To find the 
Leg. CA, which will be the Height of the Object: (By CASE 
oer R, 4, P, I,) thus: . : x 


| 5 RS d + 5.5 5 5 ft © 
= | Is to the Diſtance Meaſured A B, 432.5 Feet; 
1 So is the Tan. of the Aug /e obſerved by Inſtrument at B, 32.25 d. 
| ; To the Height of the Chet C A, 272.89 Feet. 


And thus having found the Height of the Objett to be 272.89] 
you may find the Length af the Viſual Line (which is the Hus 
renuſe) CB, (by CAS E V. of R, &, P, I.) For, 


—— — 2 
B —˙ Ä —˙ I — 
wy. + 13 - " 
- 5 * 1 


— 
— — 2 — _ 


As the Sine of the Angle Obſerved, B, 32.25 deg. E 

Is to the Allitude of the Object, 272.89 Foot; 5 1 

So is the Radius, Sine go deg. _ EPS * 

Fo the Leng/h.of the Viſual Line C B, 511.39 Foot. / 

. £7 = Ts DE St 
HI. Of an Altitude Un-occeffivle. Is 


'Y Eg. II. Suppoſe DE to be an Objef, as Sreeple, Tower, or the like: 'T 
bp And. that you-ſtanding at G,. were required to know the Height *' 
i thereof; but (by. reaton of ſome broad Moat, or other Impedi-M 2. 
2 ment, you cannot come to meaſure from G to E. In this Cak re 
9 e — Firſt meaſure from G, towards E, as far as conveniently you 6 


can, ſuppoſe to F, 95.25 F. —Then making Obſervation "2 | 


Y% 


——— 


| 25 Of Altimetria. hy 
ou find the Degrees of your Quadrant to be 52. 50 d. and O5. Eig. II. 
bing at E, you find the Degrees to be 63.25, Now from this 
Di ftance Mexſured, and the Two Obſervations by the Inflrument , 
1ade. the Altitude D E may be attained unto by Tr:gonometrical 
/culation, thus: ONT e r 
Firſt, Upon a Sheet of Paper, draw a Line at Pleaſure, as H K, 
pon which aſſume a Point for the Place of your firſt ſtanding, 
at G, and upon G, protract the Angle obſerved 52.50 d. draw- 
g a Line through thoſe Degrees at Liberty. 35 | 
Secondly. By 


Belp of a Scalc, ſet your Meaſured Diſtance 95.25 
from G to F; and upon F, by a Scale of Chards, protract an 
lle of 63.25 d. as you obſerved them to be; and through them 
raw another Line at Pleaſure, which will cut the former Line 
rawn, in the Point D, which will repreſent the top of the Object 
) be meaſured ; and à Perpendicular let fall from D, upon the 
tound- line „ will fall in the Point E, and fo will the Line 
E repreſent the Obje@ it felt, ET 5 
Thirdly, By theſe Lines thus drawn, you will have conſtituted 
wo Triangles; one D E F, Right-ang/ed at E; and the other 
) F G, Obruſe-angled at FP; by the reſolving of which, the height 
f the Inacceſüble Object D E, will be found. For, Ne 
1. In the 0b/ique-angled Triangle D F &, you have given, the 
de F G (which was the Meaſured Diftance) 95.25 F. and the 
bſerved Angle D G F, 52.50 d. - And the Ang/e. obſerved at E. 
ing 63. 25 d. the Complement thereof to 180 d. vi. 116.75 d. 
the Quantity of the Obru/s Angle D FG, ſo have you in the 
lique-angled Triangle D F G, Two Angles given; the Sum of: 
hich, diz. 169.25 d. taken from 180 d. there remains 10.75 d. 
the Angle F D G: And now in the Triangle D F G you have 
ven Two Angles F D G, and DG F, with the Side F G, op- 
fire to FDG; whereby, you may find the S7de D F, (by Ax. 


s the Sine of F D G, 10.75 l. 

Is to the Side FG, 95.25 Foot. + 5 | 

d is the Sine of F GD, 52.50d RS 

To the Side D F, 495.14. . 5 = 

2: In the Right- angled Triangle D E F, (having found the Hy- 

renuſe as before) you have given, (I.) The Ohſerved Angle at 

63.25 d. (2.) The Hypotenu ſe, laſt found, DF 405.14 Foot; 

GY which you may find DE; the Height of the Object, (by Caſe IV. 
R, AFB thus:. 1 1 | Z A8 


* 8 * ä "> BD —_ 
f : * 7 4 4 
«1 , . 4 
5 x. #4 - 
. . . £%\ * 
N = 
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144 
Tig. II. 


As the Radius, Sine 90 d. : 


2300 


Ancilla Mathematica. 


ls to the Hypatenuſe D F, 405. 14 F. 5 e 
So is the Sine of D F E, (the Angle. obſerved at F) 83. 25 d. 
- To the Leg. D E, 367.77 Foot: Which is the Height of the 
Object. 5 | | D OW 
And now (if you pleaſe) you may find the Vi/ua! Line GD 
(by Caſe V. of R, A; . T.) thus: | * 


As the Sine of the Angle at G, 52.50 dl. 


Is to the height of the ObjeZ DE, 361.77 F. 
So is Radius, Sine o d. 5 11 
; To the Length of the Viſual Line D G 456.00 F. 
And alſo, the Diſtance EF, (by Caſe II. of R, A, P, T.) tha: 
As the Sine of the Angle obſerved at F. 63.25 d. | 
Is to the Height of the Object, DE, 361.77 F. . 
So is the Co. ſine of the Angle at F, 63.75 d. { 

To the Diſtance E F, 182.35 Foot. : | 
Unto which, if you add the Diſtance E G, 95.25 Foot, elfe 


Fig. III. 


and draw the Line L c at Pleafure. 


vour Inſtrument directed to the top of the Ohyiec at M, you find thi 


lſure, as N a, croſſing the Line L in the Point M, which is th 
top of the Ovjett: From whence, a Perpendicular let fall upon th 


Sum will be 277.6 Foot. And that is the whole Diſtant 
from G to E, the Foot of the Objef, 5 


HI. Of the Altitude e, an Odject ſtanding upon a Hill, Un-acceſbl 


Suppoſe M O to be ſuch an Ohect; and you ſtanding at L, wer 
required to tell the Heigbt thereof. | 1 
Firſt, Upon Paper, or the like, draw a Right- line at Pleaſure 
as QR; and therein, aſſume any Point, at Pleaſure, for the Place 
of your ſtanding, as L; where, with your Inſtrument directed v 
the top of the Object, you find the Degrees cut, to be 40. 5 2 d. ani 
directed to the bottom of the Object at O, the Degrees cut, to h 
22.25 d. Wherefore upon L, protract an Angle of 40.52 d. ani 
draw a Line L, at Pleaſure: And al ſo b, an Angle of 22.25 d 


u 


Secondly, Go forwards, in a Right-line towards the Oil 
ſome conſiderable Diſtance, as to N, 212.5 Foot; and there, b 


egrees cut, to be 61.82 d. through which draw a Line at Ple 


. Ground 


— 


f << 


- ade, of the Object, and the Hill together. 
254d. 
e angles, viz. LM P, and NO P, both Rig br angled at P: And 
0 , MN, and NM O, 05/que-angled : By the refolving of which, 
Ne and N, the required A/titzde may be obtained. For, | 

1. In the Oblique-angled Triangle L. M N, there is given, 
(J.) The Angle ML N, 49.52 d. (2.) The Angle LN M, 


to 180 d.) (3.) The Side Meaſured L N, 212.5 Foot: And 
having the Augles at L and N, the Sum of them 158.70 d. taken 
from 180 d. there will remain 21.30 d. for the Aue L MN. 


may be found, by Axiom II. thus: 


As the Sine of LM N, 21.30 l. 
Is to the Szde L N, 212.5 Foot; 
So is the Sine Of M LN, 40.5 2 d. 


ot, thei To the Side MN, 380.08 Foot: 


Diftanc | 
to 180 d.) | 


;cceffib To the Side L M. 515.66 


L, wen 


Pleaſure 
he Place 
ected to 


whereby you may. find NP, (by Ca/e IV. of R, d, P, I.) thus: 


As the Radius, Sine od. | 
Is to the Hyporenuſe MN, 380.08 Foot; 


: — So is the Sine of the Angle MNP, 61.82 d. 
1 au To the Side MP, 335.03 Foot: N | 
22.25 UN Which is the Height of the 0bjed and the Hill together... 

Ohh aud ſo is the Co-fine of MN F. vie. NM P, 28.18 l. 
ere b To to Leg. or Side NP, 179.49 Foot. =: 
find ci To which, if you add the meaſured Diſtance L N, 212.05, theirr 
at Pl Sum will be 391.54, for the whole length LP. Then, 
a 1 3. In the Triangle LO P, (Right-angled at P) you have given, 
upon 


round whereby . 


ow, by the Interſections of theſe Four Viſual Lines, L 1 
, NM, and NO, there are conſtituted Four Right. lined Tri. 
from the Diſtance Meaſured, L N, and the ſeveral Angles obſerved, 5 


118.18 d. (it being the Complement of the Age O NP 61.82 d. 


From which Things given, the Two other Sides, L M and MN, 


And fo is the Sue of 61.82 d. (the Complement of MN 4 a 


In the Right. angled Triangle NM P, there is given, £23) The 
yporenuſe M N, 380.08 Foot. (2.) The Ang/e MNP, 61.82 d. 


(1.) The Side LP, 391.54 Foot. (2.) The Angle OE P, 22.25 d. 


zround-line Q R, as M F, that Line ſhall be equal to the 4ti- Eg. III. 


2 


Tig. V. 
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Eg. IV. 
cContain 108 Inches, or 9 Foot. 


D, erect a Perpendicular, upon which ſer 60 Inches, the length 


(by ye I. of k, 4, , I,) thus: 


IV. How the Altitude of the Ge. may hs taken, by the Shadon 


Saf or the like, of any Length, ſuppoſe 60.00 Inches, or; 


of 108 Inches, from D to E; drawing the Line of Unbrago C. 
and thus have you conſtituted a Right-angled Plain TrinleC DE, 


V. How the Height of ar Acceflible Object may 4 obtaine| 


Object, as F G, 84.5 Foot, from Gto L. and at the ſame time 


VVV 
ill 1 i 


a you may — O P, (By To IL of R, * P. 5 
thus: 


As the Radius, Tang. 45 d. 
Is to the Side LP, 391.54 Foot; 1 

So is the Tangent of the Angle OL P, 22.25 d. 
To the Height of the Hill Ob, 160.18 Foot. 


Which ſubſtracted from M P (the whole Height) 335.93, 
_ remains 175 75 Foot, for the Altitude of the Objet 
M % » 


of a Staff, or other Object, of a #nown Length. 
Upon A B, being a level Plain, let there be erected « the? ght 


Foot) as C D; and the Sæn ſhining, ſuppoſe ir caſts the SH 
thereof upon the plain Ground to E; which meaſured, * to 


Draw a Line at Pleaſure, as A B; in any Point thereof, a 


of your Staff, from D to C; and the length of the Shadow there- 


in which there is given, (I.) The Leg. C D, 60 Inches. (2) The 
Leg. DE 108 Inches, by which you may find the Angle CED, 


As the Length of the Shadow C D 108. 0 Inches, 
Is to the Radius, Tang. 45 d. 
So is the Length of the Saf CD, 60. OO o Inches, 
To the Tangent of the CE D, 29.05 d. 
And ſuch is the Sn  Altirude at that time. 


by the Length of the Shadow of it. 
Suppoſe that the Sun ſhould caſt the Shadow of ſome uprich 


your Staff of 5 Foot, does caſt its Shadow from L to K, 6.32 Foot 
And from hence 1 would nen the Altitude of the . F G 


© 

y - 

8 The 
: 


+. 
5 —_— 
„ 


0 PG . 
The © Two Lines of the Object FG, and Staff H H L, together with Egg. V. . 


ny ih „ 


"4 43 
e Two Lines of e G L and 5 being 18 n do con. ö 
1 | 


V Bere VIII. Lib 10 Aa here: fore, 5 eee "REEL 1 


the Length of the Shadow of the Gn K. 6. 32 Foot, en 1 
Is to the Height of the SF H L, 5.00 Foot; | wi -_ 
o is the Length of the Shadow of a; Obe G L 84.5 Foot, 2 
To the Altitude of the Object 1 F G, 5s 9 Foot. 1 1 


33.937 
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nadow 


7 OL LONGIMETRIA. bi 
Jorge How ( hand ng upon an Objett 7 a 8 Height) to fund the 


Diſtance from thence, to ſome other remote Objett. 


eof, as Uppoſe C A to be the Side of a Fort or Bulwar 22. 5 Foot high, Fig. Vi. | 

length WW and being upon the P/atform at C, you ſee a Tree, or other. ä 
there. bje at B, whoſe Diſtance you would know, from the Foot of = 
„be Wall at A. +. 


The Lines AB and A C being drawn, and the Height of the 5 
all 22.5 Foot, ſer from A to C, where by your Inſtrument di- 1 
ed to B, you find the Degrees cut to de 71.25, which Age laß 

own, fo have you the Right-angled Triangle C A B, in which  - 

ere is given, (i.) C A, the Height a the Wall 22.5 Foot. 

) The Ang/e obſerved at C, 71.25 Deg: by. which you may 

d the Diſtance A B, (by Caſel. of R, A, P, RY thus: 


$ Radius, Tangent 45 Deg. 1 e 
70 C A, the Height of the Wall 46 ; 3 | Bm „„ 
TE bis the Tangent of A CB, the Angle obſerved, 71.25 a | - 
Wee To the Diſtance A B, 66.28 Fot. EE. 

And if you would find the 2 of the e Line CB; 
upright you may (by Ca/e V. of R, A, P, IT.) thus 


de times the Sine of the Angle obſerved at G, 71.25 Deg. | 8 £ 
2 17 Is to the Diſtance B A, 66.28 Foot; | x "= 
ell is te Radius, Sine 90 Deg. np 1 4 


1 1 3 1 
8 
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beten ts, 
U. To rake a Diſtance (alli. or dae) at Two 85 


tions. 


Eg. VII. Being in a IE at E. there 152 Wind mill or Ar Ojee: in 
another Field at F, (ſeparated by 4 River or other Impediment) 
whoſe Diſtance is required. | 

In any other Part of the Fie/d, remote _ * canſs a Mark to 
be ſer up, as at D; and meaſure the Diſtance between E and D, 
which let be 115.00 Foot. — Then by your Jjiftrument at E, find 
the Quantity of the Angle F E D, which ſuppoſe to be 106. 50 
Deg. And going from E to D, make Obſervation -of the Angl 
FDE, which ſuppoſe to be 57.10 Deg. 
| By theſe Two Azxegles, and the Meaſured Diftance, you have 
conſtitated an Oblique Triangle D E F, in which there is given, 
(1.) The Mcefored Diſtance E D, 115.00 Foot. (2.) The Tuo 
. Angles at D and E, 106.50 Deg. and 57.10 Deg. And, (3.) The 
Angle at F, (the Complements of the other Two to 180 De gp.) 
16.40 Deg. Whereby you may find the Sides E F and DF, 0 
Axiom. II.) thus: _ 


AS the Sine of the Angle at F, 16. 40 Deg. 
Is to the Meaſured Diſtance D E, 115.00 Foot; 
So ĩs the Sine of the Angle at F, 57.10 Deg. 
I 0o the Diſtance EF, 341.98 Foot. >. 
And ſo is the Angle at 'E, 105.50 Deg. (cr 73: 50.) 
; To the Ie D F. 390.54 Deg. = 


— ——_— 


> 


* If there were Three Gr more) Ships on the Sea and you li 
'ng upon the Land, deffre to knew how far thoſe Ships are fron 
9 ; and alſo, how far they are diſtant one from the other. 


By. VIII. 1 the Three Ships be A, B, C; and you being upon the 

Shoar at M, are required to tell how far thoſe Shipe- are from 

you, and alſo, how far from each other. 
Firſt, Being at M, make choice of ſome other. Place upon the 

Shcarx, at ſome conſiderable Diſtance, as at O-130.00 Fathom. 

| | Secondly, Being at M, obſerve the 8 the Angle AMO, 

which we will ſuppoſe to contain 104.50 Deg. and then remo 

ving to O, and obſerving the Angle MO A, you find it to 5. 

37.82 Deg. through which Degrees, Lines being drawn from M 

and O, will croſs each other in A, which is the Plc of the ful 

Ship, which, with the Line of Diſtance: 1 O, will the 

que 
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8 
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Mique-angled Triangle A MO: In which INS given, ) The 
gi XO ens (2.) The a A © ©, 104. 50 — 
Deg. And, (3) The Angic R O BI, 3.82 Peg. And having 


ro Angles given, you have the third Allo given, vis. M A O, 
E in 37.68 Deg. whereby you may any dhe other TWO Sides M A 
nent) and OA Gy Axiom II.) thus: 

2 | the Sine of MA O, 37.68 D | 
£i 1 * Is to the Side M O, 130.00 Wh 
* 6nd So is che Sine of A O M, 37.82 Deg. - _ 

4 55 To the Side M A, 130,41 Fathom, the Diſtance of the Ship at 


A, from M 
| And 05 is the sine of A M o, 104.50 (or 77. 50 Deg) 125 
Jo * 1 O A, — * 9¹ Fathom, the EN of 855 Ship a at 
A, from | 


given, 

5 Th Ani 

Peg) Obſerving from M and O, to B, you found the 4 BMO Fig. VIII. 

5 to contain 65. 50 Deg. and MO B 68.00 Deg. wherefore, if upon 


M and O, you lay down thoſe Arg/es, you ſhall have another 
Oblique-angled Triangle M B O: In which you will have given 
as in the former, (1.) The Angle BM O, 65.50 Deg, (2.) BO 
M 68.90 Deg. And conſequently M B 0, 46.50 Deg. 3% er 
with the meaſured Diſtance M O 130 Fathom, by which you 
may find the other Two Sides MB and 0 D, , by Axiom II. as in 
the former. For, | | 


As the Sine of M B O, 46. 50 - Digit 
Is to MO, 130.00 Fathom : 

So is to the Sine of B MO, 65:50 Degrees... 
To the Side B O, 163.08 Fithom : = = X* 
And ſo is the Sine of the Angle B OM 68.00 Degrees, „ 

To the Side B M. 166.18 Fathom. ws 


Laſtly, 


Obſerving again from M and O, to C, you fd the Angle 0 MO 
to be 11,75 Deg. and MO C 132.75 Deg, the which Angles laid 
down, you have a third 0b/:que: —_— Triangle CM O, wherein 
there is given, as before, all the Three Angle, and One Cid, 
M O, whereby: you may find the other Two, M C and OG, oy 
i Axiom II.) as in the former. 

So will M C be 164.39 5 Fahom, and OC 45 62 Fathom. 
128 And 


you be 
re fron 
r. 


don the 
re fon 


on the 


m. 

AMO, 
remo 
to be 
from M 


* : 2 Y 
bs . : 


. — 4 
Fig. VIII. And thus 1950 you the Diſtances of all the Ships, from the Th 


om C to A; be found. 


Teen : An Example whercof Iſhall give, with the manner of ma: Nou 


yr M and O, on the Shoar. 
Now for their Diſtances one go another: 850 
And Fiſt, For the Diſtance A B. : 
in the Oblique Triangle A B M, there is s given, the $i 1 A M 
. 130 41 Fathom, and BM 168.18 Fathom, and the Angle containel 
by them, A MB 39.0 Deg. whereby the third Side Ag may be 
found, (By Caſe ſl of O, A, P, Ty)! thus: 


As the Sum of the Sides, A M and B M, 296. 59 Fathom, - 
Is to the Difference of thoſe Sides; 35-77 Fathomm 

So is the Tangentof half the Arng/es at A and B, 70.50Deg. 
To the Tangentof half the Ditterence of thoſe Angles, 18. 81 Ds 


Which added to 70:52 Deg, gives $9. 31 Deg. for the greater 
Angle BA M; and ſubſtratted therefrom, _”_ 51:69 
Deg. tor the leſſer Angle A B M. 


Then ſay, (By Axiom II.) 


As the Sine of the Angle A BM, 5 1.69 Degrees, 

Is to the Side MA, 130.41 Fathom : 

So is the Sine of the Angle AM B, 39-00 Degrees, 
To the Side A'B, 104-59 F. 


And in the fre manner may © the Diſtance from B to-C, * ai 


IC 


/ 


According to this Method may the Diſtances of many Placer 
upon the Land, one from another be obtained, by making of Cee 
ſervation, by a Theodolite, Semi Circie, (or other Graduated Ir. 
ftrument) from Two Places, from whence all the other may be 


king the Ob/ervarions;, and protracting of them, whereby the it f 


tioner. herefore, 


or leſs. . | ; | 1921 : 1 1 O00 


Triangles to be reſolved for the Performance will be conipicu- z 
ous: And for the reſolving of them (it being altogether the ſame 2 
with that foregoing) I ſhall leave to the Ingenuity of the PraCti- 


Let AB C D be ſeveral Places, as Churches: i in a Town or 
Cin, or ſuch like Objefs. - - 
1. Make Choice of Two ſuch Pheces, from either of which, 25 

yo ou may. ſee all the Places whoſe Diſtances you require; which : 
Places let be F and G. _ from each other 1000. Foot, more 


5 ) 7 85 Sat. 
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5Oontim etre e 
a | " Fa 7 Gee 25 a 81 Sr * „ en 1 1 82 — he 
..Set up your 'Irſtirumenr at F. and direct the Sights on Fre, X. 


he Tt Jet 
Nie Diameter thereof, to the other Place at G. and there fix it: 


Which done, direct the Shte to the ſeveral Places, A, B, C, ) i 
- |  - Wd E, no ing what Degrees of the Inftrument are cut by the I-. "i 
es AM at every Obſervation. ey Co | * 
ntaindiſ z. Then removing your Inſtrument to the ſecond Place G, direct 


may ble 8 hte wh ieh are upon the Diameter thereof, back towards the 


ut Place at F, where fix it: Then, turning the Lex about, di- 


5 & it to the ſeveral Places, A, B, C, D and E, as before; noting — 

5 he Degrees cut by the Index. Which we will duppoſe to be ſuch . -— == 

'S 5 are noted in this Table, . on 
1 Day A- oe A --.-- -f 4400 

red eres get teDen) % 

D e eee ee , , ' 

E 2.90.60. n | 282.00 "= 

And the Diſtance from F to G 1000. 1 I 


wp haſe O)/ervations, to make a Plot or Map of the Situation. 
of the ſeveral Places. | wg 


1. Upon a Sheet of Paper, draw a Right Line, as F G, to con- 
ain 1000 Foot. of any Scale, which repreſents the Line of the 1 
ſtance of the Two Places, where you Ob/erved at F and G.  --: - 


Placer Wi 2. Place the Center of a Protratfer upon P, and the Diameter — 
of O. creof upon the Line FG; and there holding it faſt, make Mar ae _— 
ed In gainſt the ſeveral Degrees that were cut by the Index, when tze 
Yay be bre were directed to the ſeveral 0bjefs at A, B, ©, &c. when „ 
of ma. Mou Obſerved at F, an through th Me Points draw Right Lines, " 
V the t Pleature; as FA, FB, FC, FD, FE... 8 

1 3. Lay the Center of the Protraclor to the Point G, and the 


Diameter thereof upon the Line F G, and there holding it faſt, 
ake Marks againſt thoſe Degrees of the Protrafor, as the Iu-—- 

did cut upon the In/r2ment, when you made Oꝶſervation at bp 
; and through thoſe Points, and the Point G, draw Lines; as 1 


8 M | A, GB, G C, G D, and G E, croſſing the former Lines (drawn — 
hc om F,) in the reſpective Points, A, B, C, D and E. ich- 2 


inte will lye upon your Paper, in the ſame Poſitron as the Places-- —_—_ 


more pu took notice of, were ſituate. on the Ground on which they 5 
a 00d: And being thus laid down, if you take with your Com- _ 
2, Set- FIT e 5 | pall:s> 1 


— 


R 


% P = - * a” * = (1 * (5 " 4 
a jy, 4 PE 8 N IF 7 *. 2 * . 1 75-4 1 1 * > 4 en ** 

PR rt Y * n n / T ⅛ 6—i —1 

. 3 . r Py * hes, Te TS EG TW" Fg ** 2 a 

1 81 KY 5 WAI 8 * 2 \ 

'F 12 N . 7 £ 
, — 8 & p by 4 
4 

Ka = A [ SF 7 

8 * 1 4 


* | N * 2 * CES F F 
* * — = b , F 7 * 5. p - F 1 8 = Le: 
WY 2 x 718 8 . 
2 þ 7 * Y A 
' . 1 3 
4 . fat untica. * 
1 f 


"By IX. _ the Diſtance deter any Troo of chem, and meafiue it 
on the ſame Scale you laid down the Line FG by, it will | 9 
you the Diſtance between thoſe Two Places. 2 

But, their Diſtances may be more exact and accurately atta | 
unto by Trigonometrical Calculation. 1 
For, in every Triangle, as in E G A, F G B, F G C: F G 
and F GE, there is given, (1.) The Angle A F G, obſerved 2 at 
2. The Ang le AGF, obſerved at G; and, (63.0 The Side] 
(the 959 Diſtance) included between them, to find the oi 
Sides, A F and A. G. The Practice whereof [ commit to the] 
: genuity of the Practitioner. | 


2 
— 


"CHAP. II. 


o PLANOMETRIA. 
O R, | 


Of the Menſuration of Plain Superficial Figures. | 1 


1 Of the Geometrical _Square ABCD, whoſe Side 45 
27.3 2 Foot. By Logarithms. ö 4 

Fig. X. | 8 1 F: to 27.32 F: 27. 8 to 746. 38 F. 
; Logar. of 27.32 1.4360 
Logar. of 27.32 „„ OY el 1.4360 
Logar. of 746.38 N 278 


The Swperfictal Content of the Square in a Fees. 


II. 07 the Parallelogram (or Long ware) EF GH, whoſe La w 
EF is 27.25 Tarde, and Breadth G, 6.29 Terds, 4] 


Fig. XI. As 1: 2725: : 6.29 217 3 


Logar. of 27.25 g | : 1.43538 
; . 1 0.7580 
„„ 7. HET 223750 


"th 
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% 1 by a 
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| 2 » EY d 2 - 2 
* [1 - = ” 
> ed 
: : . . 
* 1 5 7 
- ; * 
N | , 
—_—_ 
> (| 

bt 
U 
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1 — Dbe Os too eo te 
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1 We = © —— — 


3 
Date dal From Tage 4 


* 
2 


2. to T. 272. 


" * 9 2 * ” 4 8 R 
a , n 1e 999 7 7 * 5 a 1 v9 N FI y : r 9 F * 3 * 2 * " * „ K 

e — 9 12 * Fee r : LE $i r * ” d 7 by ET” 9 * 9 . * 
* . #4 * e 2 1 463 7 > * * Ar N T1 7 * J ® * * * bs oo 63-4 "os * 51 9 2 4 is ttt : „ F 

N s Ea ö 9 " ann, , 1 4 » . iS "81 * . . £4 3 3 4 * 

a N o W 
" _- * be z& 5 . 1 
1 P 4 0 
1 = 4 


of the Triangle K. Mu. 9 Lon gelt Side LM 2 267. 5 
ole or Ferches and its Perpendieular EN 160.25 Fercbes 


L * M 133. 7 5 LN 60.25 P: : 21414P. © Fig. * | I 
ar. 160. 25 | | | 2. Rs 9 
at. 133.63 Fa c „ 5 2.125904 
ar. of 2 Eee 0 - 


{ 1 = 4-330702 ©. _ 
- (or 9 5 of Bu- 5 equal Sides) QPOR . 
he Diagonal, whereof O Qi 27.32 Perches, the” 8 . > 
P S 9.53 P. and the Perpendicular R T, 21.06 P. N r 


1 „„ Se 0.59 : 417.8 | Eg. XIll. — 
ar. 0 half Q. 15 66 2 * e 10 95 135451 " 2 
ar. of 417. 85 Perches 8 5 | 2.6710) = En, 1 
hich is the A, of Content in Perus 5. | — 


Of an Irregular Plot, canſi Ring of many _—__ Sides and An- 
les: As the Fieure ABCDEFG. 


efore ſuch Irregular Eigures can be dnl its © les re- | Big XV. 
d in Trrangles or Irapezia's, by drawing of Lines from An: © 
o Angle at the beſt Advantage, as in this, by thè Lines FC 
F C, which Two Lines divides the whole Plot into the Two 
pezia's ABCE, FCD E, and One Triongle F E G. And 
the Baſes and Perpendiculars being ſuch as are expreſſed in 
figure, they may. be meaſured, as is ſnewed in the Fwo fore- 
g Settions hereof; and according to the lone — 


I. For the Trapezia A BCE. 


| half AC, 12s DH. 3 | -* 
um af B H and H F, 8.13 „„ 0.910099 — 1 


the Area of AB C F, 98. 86 1.995023 a: $8 

II. For the Trapezia F C D hs x ©.  -  "_ 

- half F D, 12.96 | if E S 1 

richer of CL and EM, 2 1.262800 _ 
ö we Area £42 FC D E 299. 5 247645 | 3 

: J 2} oo, Oo 1 


ye 
5 ' 
« 
> 
* 


* 
— 
” * N I - 
* 5 * J 5 
"PW — 2 W 8 
4 2 a” 2 - 
$5 — 1 7 . 0 
2 — Wo. 


Bg. XV. The Proportion of the Diameter of any Gr cle, to the Circun 


$9 \ :x 


* i 1 atbematica. Too) 


PF: 


IL Fr the Triangle PEG; 
e Cobalt B'S 30 e ee, 5 BH e 

Logarithm of 4 GN, 5.82 2276493 
35 6: | the Area of FEG, 5 29 2 1.74208 


81 CABCEF ) 93.86 
The Area of FCD E & is 206-92 
The Area of ABCDEFG | 473.66 


V. Of Circle AB CD, hoſe Diameter B C /er be 14.00, x 
ls 


ference thereof, is (in the leaſt Terms) as 7 to 22: But inpreat 
Numbers, as 113 to 355; and of theſe I ſhall make uſe. 


I. By the Diameter, 70 find the Circumference. 5 
As 113: 355 r :; 14 Diam. : 45.98. Gir 


Logar. of 113 : 5 | 2.05307 
Legar. df. 355 1 5 8 2.55021 
Logar. of 14.00 the Diameter $5: 1.14614 

| 3.69635 


The Logar. of 43.98 the Circanſerenc : „ za 
II. Ey the Ci rcumference, 10 find the Diameter. 


As 1 1 * 43. 58 Cireum. 7 14 OO Diam. 
Logar. of 355 5 5 2.55022 
| „„ 5 E 7 - 8 5 „ > > ya 

Logar, of 4.3 .98 Cire.. nas . N 5 . 
* 15 14610 


Logar. of 1400, the Dia 5 


RE 


* N „ „ P 9 ren 5 Lb hed 9 N 7 LAS ade. * 15, 4. tate by 
. OST? C r . F TH ES a * BEE IT wy +54 Si To Ot * 
** + 4.3 Ui \* e - — 5 8 N Wr * 1 „ LW FM E : 3 
9 he SPY 88 : 1 . OED” . 
N P < . G = » - - x s AL * 
* ö * +4 
8» ; * - * * * 
S 4 a * * ry 4 
* py hy - 
1 e o * 
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* 1 bd G a 1 ” 4 
7 - 7 40 - 4 ELX 1 . N P 
. - % : 2 WW". j N aid v4 * 
1 9 : 2 7 o ” * * N 2 42 + 00 
» = | : '-" — - ö . 
8 F © F * * * A >. N. + k * ; : F4 * j N - - ; I 78 Se, 
5 "3 A, 1 - | - a »# K+ 5 . S Ga 
4 4 s : p * 7 = * 
Lt. LAY 4 * 7 \ a 4 
G 2 > 4 A - K 
; | „ BA N 
? 2 ' : 2 0 b \ 45 * ; 
” OFF 13 ; X ; l 3 
* a . 4 - 
| Fs 1 % " * 1 N 
= 


72724 


I 


EN III. B/ the Diameter, 20 find the Area. 5 
3113 in 4 (viz, 452.) + x ee, 
E or 1:7 0] 22 03 
is the Diam. 14. in 14 (vis. 18600 i I 
1 . 4842484 = 
To the Logar. of 159.94, the Area * 2.567346 _ 
IV. By the Circumference, ro find the Area. | n' © - 0 
1355 6 OR + oe =» 
is to i 25 Ee. LS „„ 2.053078 . 2 
is 43-98 ＋ 43-98, Area Squs. 1 „ 
| Tue fame again 8 
1 L N 3.339588 EE 
To the Logar. of the Area 153.499 © _ 2.187300 ©" 
V. By the Diameter, ro find the Area. 0 


As 10 : 8.862 :: 14 Di. : 12.41 : : 12.41 : 154.00. g 
g. 8.862 „ S. © 1 
% nn 7 
Br . Y 1.093660” 5 


e double of it 2.1873 20 Log. of 154 the Area. ah 


# . 5 1 


as. 


F480 
7 6491 ö 
— 


. 742646 


I 4.00. 
Crcun 
in greate 


ws 
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07 307 
+5 50221 
«T4619 
690635 
64327 


* « - 
2 — < + 
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"0 CHA. P. N 2 5 
Of GEOD A CIA: Or, Land Meaſuring, : 


71 (by any Graduated Inſtrument) 10 rake the true Plot of 
ny large Piece of Ground, as Common Field, Park, Wood, Cc. : 


going round about a Feld to Survey it, there are Two ways; 
for in going round about it, you muſt either go on The ixſide or 
the owr/ide z and ſometimes you may be conſtrained to go ſome- 
5 within, and ſometimes without. . . * 
et AB CD EF, be ſuch a Eield to be ſurveyed and platted. . ' Fig. 
. Begin at any Amg/e thereof, as at A, and there ſetting up XVII 
r Inſtrument, lay the Index and Sights upon the Diameter 
cot; and turning it about, direct the Sights to B, and there 

| F . OS. - 


55022 
05 30% 
4225 


69637 
146120 


7 
* 
J >a; 4 


4 hi FI : 

: a FS 

- 2 4 * Sy 
-*Y 


4 
, 


J 


16 Anciila Math. 
Eg. ſcrew it faſt; and turn the Index about, till through the Sigl 
XVII. you ſee the Arg/e at F; and there note what Degrees of the | 
| Nrument were cut by the Index, which we will ſuppoſe to 
300 Deg. for the Quantity of the Exterior Angle F A B, yi 
dut the Field: Or, 60 Deg. for the Quantity of the Intervor | 
le within the Field: Then meaſure the Side A F, which f 
pole to be 4.1.00 Pole or Perches, and the Side A B 30. oo Per 
Theſe Diſtances, with the Quantity of the Angle before obſery 
300, or 60 Deg. ſet down in a Book or Paper, as you ſee int 
following Table. e Oo, 
2. Remove your Iiſtrument to B, and laying the Index uy 
the Diametrr. turn the Inſirument about, till through the Sig 
you ſee the Place where the Inſtrument laſt ſtood at A, and th 
Ire it faſt ; and turn the Index about, till, through the Sjghrs,y 
-fee-the Angle C, and note the Degrees which the Index cutte 
"Which are here 145 Deg. for the Exterior, or 215 Deg. for 
Interior Angle ABC; and the Dyſtance BC mealured is 20 
Perches : Both which, note down as before. = 
3. Remove your Inſtrument to C, and placing the Index oll 
Diameter, look back to B, and there ſcrew it fiſt; and turn the ln 
about, till you ſee the Angle at D; where the Index cult 
*270.25 Deg. for the Exterior, or 89.75 Deg. for the Interior! 
gle BCD, and the meaſured Piſtance CD: is 23.40 Deg. 
4. Removethe Inſtrument to D, the Index on the Diameter, 
look back to C, and then ſcrew it faſt; then turn the Index ab 
till by the S7zgh7s you ſee the Angle at E; the Index cutting! 
Deg. for the Exterior, or 97 Deg. for the Interior Angle CI 
the Meaſured Diſtance D E being 28.00 Perches : Which! 
down as the other. | „ = 
5. Place your Inflrument at E, the Index. on the Dian 
look back to D, and then ſcrew it faſt, and turn the Index d 
till through the Sights you ſee the Angle at F, the Index d 
cutting 220 Deg. for the Exterior, or 140 Deg. for the Inte 
Angle D E F; the Meaſured Diſtance E F being 42. 80 Perch 
6. Place” the Inſtrument at F, and the Index lying on the i. 
meter, look back to E, and then ſcrew it; and turn the Iadn 
bout, till through the Szghrs you ſee the Angle at A, (or the! 
where you firſt placed your Inftrument) where the Index 
210 Deg. for. the Exterior, or 150 Deg. for the Interior 
EFA, the. AMlegſured Diſtance F A being 41.00 Perches, as bd 
All which being noted down according to theſe Obſervations, 
Meuſared, will ſtand. as in this Table. : 


Fd * N * 1 \ ” * 
„ N % 1 a f * RA, br - 
- ” ao * > 7 
1 Z v — * - A 2 
7 5 8 ; 
— I ib * ” - . 
| . „ a? : 4 5 
% ; 8 "BEV : va 4 . 22 * 1 " 
3 * 1 = 4 2 2 - * * > *. 
" y * 2 8 4 4 5 1 
W + ) 5 1 S 7 a 
% „ S 1 © ” 
* 24 * [FIR 
| * 85 
— 1 ” . 
* 1 F 
2 . - > * A 
* - 8 * 323 1 
* * 
+ * 


the Seal 7 eee | 15 

of the | Exterior. | Inferior. | 

15 _2 A 300.00] 6, FA to B- 30 
el e 24500 | 215-00 Tue Di J to C2840 
rae © 270251] 18975" | Rane 08 19 D-=23.40 
hich f D 263:00 | 97. 00 from ) D to E—28co 
Do Perc (E 220.00 140.00 fn (E to F=42.80 
e obſen F 210 O0 150.00 J F to A—g1.00 
1 O0 9 0 AS 


Theſe Obſervations of Sides and Angles, as they were taken in 


Index u he Field, being noted down in a Book or Paper, as in this Table; 
the „ P/ of the Field may be drawn upon Paper or Parchment, by 
and tic following Direfions. OO t. 

hen To Protratt the former Work. 


X CUttet 
eg. fort 


1. Upon a Sheet of Paper or: Parchment draw a Line A B, to 
d is 25 


ontain 30.00 Perches, of any Scale: And upon the end thereof 


ade x on the Line A B: —Then, the Exterior Angle at A, being 

n the I:00.00 Deg. make a Mark, againſt 300.00 Deg. of your Protra- 
2x cuir; and through that Point, and the Point A, draw à Right Line, 
terior M ownwards, as A F, to contain 4.1.00 Perches, of the ſame Scale. 
Deg. 2. Apply the Centre of the Protraclor to the Point B, and the 
meter, MPViameter upon the Line A B; then againſt 145.00 Deg." (the An- 
nde x Meat B) make the Mark, and through that Mark, and B, 'drawa 
uttins Night Line B C, to contain 28.40 Perches. br 07 008. 
gle CY 3. Lay the Centre of the Protraltor upon C, and the Diameter 


V hich | 
nd the Point C, draw the Line CD, to contain 23.40 Perches. 


; Dian 4. Apply the, Centre of the Protraclon to the Point D, and its 
[ndex Diameter to the Line CD; making a Mark againſt 263.00 Deg. 
dex H Nhrough which, and the Point D, draw the Line D E, to contain 
he Ius. oo Perches. J ST TE 

o Perl 5. Lay the Center of the Protracter upon the Point E, and its 
n the Diameter upon D E, and againſt 220.00 Deg. make a Mark; 
e Inde through which, and the Point E, draw a Right Line; which (if 
or the Wy ou have committed no former Error) will cut the Line, firſt 
Index drawn, in the Point F: And, by this Means, you will haye upon 
rior your Paper, the exact Figure of your Piece of Ground: Whith 
as Ve you may caſt up, and find the Quantity thereof in Perches, (by 
a1100,WM'he Direct ions of the Third Chapter hereof) which being divided 


by 160, will givethe Content in Acres and odd Perches. 


— — 


, place the Centre of a Protrafer, laying the Diameter of it up- . 


pon B C, And againſt 270.25 Deg. make a Mark; through which, I 


Coy; 10. 


ir Anples : 


1 
XVIII. 


AXE. 


4 


As 1: 5. 20: 5.20 27.04 : 27.04 : 140.61 Foot. 
Logar. 5.20 0.7 16003 
Logar. 5. 20 0.7 16003 

Logar. 27.04 1.43 2006 | 
Logar. 5.20 on. * 
Log. of 140.61 2.148009 


Fe. 


5 of the 


7 ln 9 3 9 _ 
J rp e * 2 XG 
oe | 7 F p * * $ 


. . IF 


In this Exam — we have wrought by the Exterior, (or Ou 

But if you would Prot74 the ſame by the Interior (x 
Inward) Angles; it is done, by ſubſtracting the Exterior Ang 
from 360 Deg. "and the Remainder will be the Interior Angle: 
So, "the Angle at A, being 300 Deg. that ſubſtrated from 36 
| Deg. leaves 60 Deg. for the TOES Angle at A: And 1 of at 
the reſt, as they are e ſet down | in the Table. 


— s _—_ 


— 


„ :CHAT'Y. 
* | Of STEK EOMET RIA: 


Menſuration of Solids. 
I. of the Cube ABCDE ©, whoſe Side 16 5. 20 foo, 


Equal to the Solidity of the Cube in Teer. 
This might have been done more eaſily, for the Logar. of th the 
Side 5.20, which is 0.716003, multiplied by 3, would havepw 
duced 2. 148009, the Logar. of 140.61, the Solrdity, 


I. Of 4 Long Cube or Parallelipipedon, GHIKL, whoſe Side 
Square at the End, K I, 1 1.27 Foot, and of i its Lengl 
GH, 5.32 . . 


_— 


As 1 4.21: 1.27 f 1 67 I 5.32 8.58 Foot 
1 * 3-7 — 8 o. 103 804 
Log. 1.27 o. 1038 
1 5.32 OTE; 
Nog. 8.58 


| SRP Solig Content. | 1 Wh . 


9 8 * 


0 MI e 9 * A x 3 
W . PRE 
ä 9 4.35; ® Py 2 - 
5 2 _—_ 1 mY by 7 * 1 % 
* TE 4 9 SIN 4 
as —— * 
4 , 4 3 1 LID „ 
— 
. I 4 
1 A * 2 * 
. 
* — 0 £ 


of ar Oy Pal 1 0 Fahy Dh Fi . 

End NG. 5 and Depth MEN 6.50 Bo, ae r 5 

1 Dares how Lan 1 
As 1: 3.40: 6.50 22.10: : 16.25 ; 159.12 Foot, 

Legar. 3.40 "+" 0 ' 0.531479 1. 5 

 Logar. 6.750 ( ( —-—c-——_ 

Logar. 16.277 1.2 1085 2 .-- 5 | ol 

Logar. 35.2 435345 The Solidiry 2 


IV. Of « Pyramis STVXN. whoſe Side of its Baſe ST, oe. is . 
1. 12 Foot, and Altitude N X 12.90 Foot. 
| AS 1: 112: 12 1. 25 NX: 4.30: $39 the Sal fl 
Logar. 1, 5 N 0.049218 By OE 
Cogar. RIAA N | 0.049218. 7 2 #28; | 4 
Loger. 4:39, ů— - . 1, 2683455, _ 
1 0.731904 + the Solid Content. >" 


v. Of a Cone ABED, ohoſe Diametet BC 6.12, and Ale Fg. ” 
tude AD 12.90 Foot. 1 III. 


As in 4 (28) : 22. ,, oa 
80 6.12 in 6.12 (37.45) : 29. 1 5 1. 8 3 i 
I k)᷑he Areaof the Grele of the Baſe. W 
2 As 1: 29.30 :: 80 4.30: 126.00 "as ene * 
of the 5 8 | %; ECL — 
o The Solidiciyʒ. s "NR 
Lois. an © . i : ä 
Login 2⸗7⁷ͥꝗw % ) 
= Log, 3745 © l 
| | 3 2.913874 1 — 
Logar- 23e 1.4668 16 the Ad” 
Logar. 4-30, 0.633468 _ . 
Logar. 126:00- 2. 100284 the Soliduy. - >- - "16, TO 
= VI. Of the Fruſtum of a Pyramis or Cone. 5 3 3 
Let AB CHF be the Eruſtum of a Square Pyramid, ao * 


Tide of the * at the hat end A 85 is 1.60 Foot 35 8 me 
re 1 4 


ot, 


2 SO GOO. I IRR Me 6 
2 * W , 7 
* % 


I 
1 - 


2 * 8 N F A p _ I" 
Yo IE * 1 Oy 3 eee , , ig, Ss. * 288 le 
* - We F< ö IX LET - 
4 0 #53 % | "IN 
13 * "= 
1 4 ; | 3 3 f 3 4 
* LIES | X 
FE la Mat atic 


\ ore the Area of that. SEE BC Dis, geren. —TheSide gf 
we dev at-the Gee ter. te 2.30 Foot; and therefor | 
rea thereof is 5.29 Fo the oe D 5355 kor f 


| the 
4 ; 1 © 0 EF 


The FIRE ov of B CD 2 P 3 
The * cf EF G Wh * Tw ar—_ 
Their s 1 | J 7.13 1695 

Their alf Sms 5 „ 

Which is ** + hen . Te x, - _ 
The Sum of the Three Products 11.53 414% 0 00 
The Logar. of the Sum 11.53 180081829 
Fbe Log. of + of the Altitude 11.37 . IX 5 77 1.417271 


. The Log. of G10 3h 215 1.0 3 91004 
1 þ Which is the Solidity: of the Babu A AB c DEF E 4 


In the ſame manner. the Fruftlum of a Cone of the ſame Abroad 
and the Area's of the Circles, at both Ends, the ſame with | 
* Area's of the Squares. the Soltduty of ſuch.a 5 N q 

one, will be found to be the fame. - 725 i 


N 5 GG 05 5 4 — 'Y 


VII. Of a Globe: or Buller, _ Diameter a 2.75, ker, 


5 The Logar, of the Diameter 175 EIS Tv my 
Mlultiplied by + Ui „ eee fl 9725115 14 
The Logar. ES. 3.552 — — 2.530228 
Their . . 6 279342] 
Logar. of [ 678 always] Subſtract | 2.831229] 
Reſts the Logar: of 2.806 8 „ a 0.448713, 


q Which | is the puny of the Buller. : 
I | * 3 
4 a — — — 4 
| 3 1 0 "+ . + 
WWW 2 Re 2 £ 5 . 7% 

N | 5 L 4 F * 4 TH 71 1 nd E 2 1 y , a Z 2 ; * I 
} : 3 3 a 4 0 * : . ; i w = * 

„ Fl ; wel 
— S 8 — 4 — 7 
— a] — X £ 

N Sag 


Hans 7 8 3 
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wo = "2 4 * lh . 
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tage: 
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0 F 
OSMOGRAPH Y, in Greek Keolieyęapia, is derived ge, 4 4 
Koch -; i. e. Mundus; & yearn; 1. e. Scriptum, the De-. = 
ſcription: So that COS M OGRAPHT is a Deſcription of the. . = 
World; conſider'd under the Names of the Heavens, as the Cæle- - . 


ſtial; and of the Earth and Water, as the Terreſtrial Parts there- = 
of A true aud perfect Repreſention of both which, may be (ad 
uſually is) deſcribed upon Two Round Bod ies, called G 935855 25 
And * we all firſt treat of them. * ä 


1 5 CHAP. "a 


Of 2 marks; Sphere or Globe; 5, ſer of ſuch Circles, Lines 
and Points, 44 are deſcribed upon it, and that are appen- 
dant to it. And how to rectiſie the Globe „fitting it for 
the ' reſolving of ſuch Problems as are to be performed 9 it. 


I. Of the Circles of the Sphere... 


A Globe or ' Sphere is an Artificial Repreſentation of the Sri Be. 
"— or of the Earth and Wa ater, "ri Tom or Fi- Nb. 2 
gure: OE 5 I 
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162 Alncilla Mathematica. 
Eg. gure of Rowndneſs, which they are ſuppoſed to have: Shewig 
XXV. in a juſt Proportion every particular Conſtel/ation in the Heaven 
And ſuch a G/obe is called [A Cæleſtial Globe] and every py. 
ticular Region or Country on the Earth, and land in the Fu 
And ſuch a Globe is called [A Terreſtrial Globe.) 
Upon the Convex Swperficies of either of theſe G/obes (beſide 
the e of the Stars, upon the Cæleſtial; and the Con 
tries, Kingdoms, Sea-Coafts, Iſlands, &c. upon the Terreſtria) 
there are deſcribed ſeveral Circles; ſome Great Circles, which di 
vide the whole Body of the G/obe into Two Equal Parts, ani 
ſome Leſſer Circles, which divide the Body of the G/obe into Tw. 
Unequal Parts. _ ws © es 


The Great Circles deſcribed upon the Body of either Glo mn 


The qui noclial 1 7 The Æguinoctial & C 

The Ecliptich The Solſtitial + ER 
Tue Leſen Cres W. Q 

The Two Tropicks ; and, The Two Polar Circles. 
I. of ze ®FQUINOCTIAL - 
The quinocfial is a Great Circle, dividing the Body of the 
Globe into Two Equal Parts, paſting through A and æ; which 
Points are, each of them, equidiſtant from P and -S, the Two 


Poles of the World; and ſo the Line or Axis P A'S paſting through 
the Body of the Globe, cutteth this Circle always at Right Angle: 


IT. Of tbe ECLIPTICK aH Z ODIAcR. 


: ie * 


— a 
* 


= | The Zodiacꝶ is a Great Circle, croſſing both the Horizon and 
1 RE = fEquinotiial in A, the Eaſt and Weſt Points of the Horizon at 
—_. Oblique Angles, viz. the Horizon at an Angle equal to the Sunt 
greateſt Meridian Altitude in any Latitude, but the Fquinottial, 
always, at an Angle, equal to (23.5 Deg.) the Suns greateſt 
Declimation. This Circle is ſuppoſed to have .Breadth ; for, 
through the middle of it, there. paſſeth a Line, noted in the Fi- 
gure with the Twelve Szens of the Zodiac, Y B II s Q Won 
the upper Part, and with = M I w Ne on the lower Part; 
- Which Line 3 the Ec/iptick, or Via Solis, for that the Sun 
| always keepeth in this Line. . FA 
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f Coſmograpbh ex. 163 
zhewi n. COLURES- K‚ͤͤ (N“ 
Ty = Theſe are Two Great Circles, which paſs through the Poles of Fig. | 
he % he World, where they cut each other at Right Angles: One of XXV. 
| 'WShele cutteth the Horizon in A, and the Æguinoctial alſo in tze 
(beſide MP 2125 /, and is therefore called the Aiguinoftial Colure. The 
je Cn ther Colure cutteth the Horizon in H and O, the North and 


South Points thereof, and alſo the Ecliprick in the Points & and 


Kay w, and is therefore called the So//ticial Colure. In the Figure 
; an LL Colure is noted with P AS (and is the ſame win 
to TI the Sh Hour Circle.) the Solſticial Colure, with HP OS, and is | 


the ſame with the Meridian. | 
. Of the TROPICK of CANCER. 


This is-a Leſſer Circle of the Sphere, deſcribed upon the Su- -  - 
perficies of the Globe, parallel to the Afguinoitial, on the North = 
Side thereof, at 23.5 Deg. diſtant therefrom, equal to the Sun's 

greateſt Declination. It is called the Northern Tropick, for that 

it lyeth towards the North Pole, and is repreſented in the Figure 

by the Small Circle, B W. 0 


v. Of the TROPICK of CAPRICORN. . = 
This is a Leſſer Circle alſo, deſcribed upon the Globe, parallel 1 


of the 


* to the Æquinoclial on the South Side thereof, at the Diſtance: of „ 
rough 3.5 Deg. towards the South Pole, and is called the Southern Tro- „ 
ms | ck: It is noted in the Figure with W 6 ve. 4 


VI. of che Two POLAR CIRCLES. 


„ and I Theſe are Two Leſſer Circles deſcribed about the Poles of the 
og Vorld, parallel to the Æquinoctial and Tropicks, and fo far di- 
rant from either Pole, (viz. 23.5 Deg.) as the Tropicks were 
ti) om the Nui noctial: That deſcribed about the North Pole, 
nn ef oted with B 6 C, is called the Artic> Circle, and the other, 

5 12 noted with G 6 E, deſcribed about the South Pole, is called the 
he Fi. intartick Circle. 5 Cokſh 
1 en Beſides theſe Circles, which are deſcribed upon the Convex Su-. 
Patt; perficies of either Globe, there are others, which are framed 


e dun ithout the Body of the Globe 5 thoſe are, principally, Two, 
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Ancilla Mathematica, © 
of the Meridian, and the Horizon; the one of Braſs, the other of 
ood. Circles, indeed they are not fo properly called ; for, in 
the rigorous Senſe, no Line is ſuppoſed- to have any Breadth, but 
both theſe have Breadth allowed them; that ſuch Things might 
be written, or engraven upon them, as might render them more 
ufeſul in all Poſitions of the Globe: And therefore, (they being 
of a Circular Form) notwithſtanding the Impropriety of Speech, 
we will have it ſo; and we muſt call them, The Meridian and, 
Horizontal Circles. The Meridian in.the Figure, is noted with the 
Letters Z # N &, and the. Horizon with HA O: 
Unto this Brazen Meridian, there belong Two other Appen. 
dants, vis, An Hour Circle, with its Index; and a Quadrant of 
Stronger. | Ns : | 5 
I brough the Body of either Globe, there runs a ſtrong Wyre, 
the Ends whereot are fo fixed in the Brazen: Meridian, that the 
Body of the Globe may turn about together with the Wyre. —This 
Wyre is called the Axis of the Horld, and the Ends thereof, the 
Poles of the World, one the Artich or North Pele, noted with 
P; the other, the Antartich, or South Pole, noted with S. 
Unto this Braſs Meridian atſo, there belongs another Appen. 
. dant, called A Quadrant of Altitude; which is a thin Plate, divi 
ded into o equal Parts or Degrees, and fitted with a Nut and 1 
Screw, to move to any Degree upon the Meridian, but generally 
in the Vertical Point Z, the Zenith of any Place. 


H. Of the ſeveral” Poſitions, that-a Globe or Sphere, ma 
be poſited in its Horizon. : EN Ot rnb toe 


Here are but Three. Poſitions, in which a Globe may be ſeated 
in its Aorizen, viz. (I.) Direct. (2.) Parallel. (3.) Oblique. 
Of which, the Two firſt are Particular, the third more General. 


I. of Direct Poſition. 


The Globe may be ſo placed in the Frame, that both the Pola 
thereof may reſt. upon (or lye directly, in) the. North and South 
Points of the Horiaon, neither Pole having any Elevation: The 
Semth Point being in the /fquinoTial Circle, and the Axis of il | 

the World in the Plain of the. Horizon. And this is called D. 
red. Paſition. 2 5 „ 
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* | Il. Of Parallel Poſition. 7 fig | '- + - 

, yy The Globe may be fo placed in the Frame, that one of the Poles XXV. 2 

might ſhall be in the Zenith, and the other in the Nadir Points; the  , © 7 

mom BN Poles having 0 Deg. of Elevation above the Horizon: And in 

being this Situation, the Tquinoctial Circle will be in the Horizon. 

Speech, This Pofirion iS called Parallel Poſition. ” 

whe III. of Oblique Poſition, _ 

| The third Poſition of the Globe is more General; for it hath 

Appen. WW relation to all People living between the Eguinodral and either 

rant Ol WR Pole: And according as the Poles are Elevated or Depreſſed, ac- 
cordingly are the People ſaid to be ſituatè: That is, if the Globe 

Wyre; de placed in the Horizontal Frame; ſo that the Pole be elevated. 

hat the BW above the Horizon 10 Deg. then is the Globe elevated, or fixed, 


his 


of, the to ſuch Places and People, who have the Pole elevated (or who | 
d with live in the Laritzde of) io Dag. And this Poſition of the Globe 

is called Ohlique, becauſe the Axis of the World, the guinocłial, ; 
Appen. BW and all the Parallels of the Sun's Declination, are cut by the Ho. .. 
2, di. on at Obligue Angles; whereas in the Two former Poſitions, © — 
# a2 they cut one the other Right Angles. 5 5 1 


and Hour-Circle, truly turned and divided; alſo the Balls truly 1 

hung or poized upon the Ax, and the Meridian and Horizon 1 

> ſeated (in all Poſitions) cutting each other at Right Angles; the Papers 43 
Iblique. WY truly joined in their paſting upon the Bodies, &c. All which are 1 
erat; to be performed by the Workman, (yet the Buyer ought alſo to 1 
| wy Inſpection thereunto) you may proceed to Re&ife them for 9 

//e 18 this manner. 8 5 e 1 

NY 1. Put the Braſs Meridian into the Two Notches that are cut 1 

4 a in the North and South Parts of the Horigon; the Graduated, or 
1 Sout Divided, Part thereof, towards the Eaſt Part of the Horizon ; . 
: and the plain, or undivided Side thereof, towards the Weſt, and 2 


let the Meridian alſo reſt in the Notch which is in the Foot, or 


. * - * 


led Dr bottom, of the Frame of the Horizon. 7 „ 
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fied. | . 5 
3. Elevate the Pole of your Globe (whether? North or Soul) 
accord ing to the Latitude of the Place of that what part of the 
World you are in: As ſuppoſe Lendon, which hath 51 Deg. 30 
Min. of North Latitude: The Meridian being in the Notches of 
the Horizon, and alſo in the Notch at the bottom of the Frame 
as is before directed. Move the Meridian upwards or downwards 
in the Notches, till you find 51 Deg. 30 Min. of the Meridian, 
Jjuſtly to touch the upper part of the Horizon, on the North part 
thereof: And ſo is your Globe rect ified to the Latitude of 51 
Deg. 30 Min. 1 LT: 5 
44. The next thing to be reCtified is the Quadrant of Altitude, 
which muſt be done, by having reſpect to the Latitude alſo: 
Wherefore, the Lar:rude being 51 Deg. 30 Min. Count 5 1 Deg, 
30 Min. Nerth, upon the Souih part of the Meridian, from the 
guinoial Circle, towards the North (or elevated) Pole, and there 

pur on the Nut, which is at the end of the Quadrant; ſo that the 
edge of the Divi/tons of the Quadrant, may be directly under the 
Degrees of the Latitude, viz. 51 Deg. 30 Min. and there ſcrew 
the Nut faſt. And thus is your G/obe ReCtified for the Solution of. 
all ſuch Queſtions Coſmographical, as are to be wrought thereby 
in that Latitude of 51 Deg. 30 Min. C 
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| Neceſſary to 50 beo. | 


Here are Two kind of Moniger tea Havens): thi firſt - 
is. called rhe Common Motion of the fix Stars and Pla- g. 


nets together ; by which they go all about in 24 Hours from XXV. 


Eaſt to Weſt. The ſecond Motion is called the proper Moti- 
on; by which they go 2 Every, one in his own Trme or Te- 5 


riod, from Weſt to E 22. 


"Theſe Two Motions are the Original of Two Cireles, PE . 
qui noctial and the Ecliptich; for the Diurnal Motion is done 
about the Pole of the Aquinoclial either in the qui noctial it 
ſelf, or in a Leſſer Circle, parallel unto it: But the proper Mo- 
tion, is about the Poles of the Ecliprick, either in the Echpttck * 
it ſelf, or in a Lſer Circle, parallel unto it. | | 


f 


+ 


The Sun's Center keepeth always upon the Ecliprick Line, but 


the other Planers do go from the Ec/ipric& on both Sides:8 Deg. 


Hence the broad Circle, whoſe Middle. is the 9 doth - 
ariſe, and is called the Zodlack. 


The Equinodlial is in the Heavens about that Streak, which . 
the Sun doth make by his Diurnal Motion on the Days of the 
Two Againores, VIZ. . roth of”. March, and the 12th of 


September. f 


The Zodi =Y is known 15 the Twelve Alteriſms of fixed > 


Stars, called, The Twelve SE: 


J. The Two . are the Gun O. and the Moon c, the =. 
Moon cometh round 17 her Proper Motion, in 4 * 3 | 


Sun in a Par. „„ 


I. The other 1 are 1 the Swperio or, AS Soha Þ, ; 
coming about in his proper Motion, once in 30 Years. Fupi- 


ed 
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158 Alncilla Mathematica. 
| Fig. ter '% in 12, Mars & in 2 Years. The Inferior Planets | 
XXV. Venus 2 and Mercury 8; 'Venus is 9 Months Morning 5y 

adngd other 9 Months Evening Star. Theſe Two Planets ky 

always near to the Sur, ſo that Mercury vg is for the my 
part covered with its Beams. 55 
P | "Op : 

VIII. The fixed Stars move alſo from Weſt to Eaſt, either in 

Eclipticꝶ, or in a Parallel to the Ec/iprick, but very flow 

viz. One Dzgree in 70 Years. Hence the Signs are diſh 

guiſhed in Starred and Un. ſtarred. The Starred Signs are t 

Twelve Aſteriſms of the Zodiacꝶ; but the Un, ſtarred are e 

ry one a Twelfth part of the Ecliptick. Now the Starred S 

left their former Places, and are preceded in ſome. 1800 Yea 

almoſt One whole Sign; ſo the Starred, Aries V, ſtands n 

in the Place of the Un- ſtarred Jaurus 8; and the Stan 

> FTaurws 8, in the Place of the Un- ſtarred Gemini U, Oe. 


* 


—— 
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IX. The Æquinoctlial and Ecliptich are immutable, for there 
never but One Mguinoctial, and One Ecliptick : But the Hy 
aon and Meridian are mutable: For every Body walking uy 
the Superficies of the Earth, doth carry along with him h 
Horizon; So this Circle is as manifold as there are divers Poi 
upon the Surface of the Earth. The Horizon is determined! 
the Eye of the Man turning about in an even open Field, ub 
the Heaven ſeemeth to join with the Earth; and its Oft 

is to ſhew the Ring and Setting of all Heavenly Bodies. 


1 yoke for... has @A@1% 


X. The Meridian is not alter'd by going on ftreight towardsSul 
or North, but only when you walk never ſo little towards 
Eaſt or Weſt, you have preſently another Meridian. It is d 
ſervable in the Heaven, by letting fall a Plummet or Perpendicu 
from the Vertex, by the Sun (or any Star) being at its hight 


— SS 8 — — . 


Kl. Every one of theſe Four Circles hath its Poles, which the 
dle is juſt between, and every way equally diſtant from 
exactly dividing the Sphere into Two equal Hemiſpheres, A 
they divide each other into Two equal Semicircles: And 
the Poles of each, there are deſcribed Secondary Circles (i 
Meridian only excepted) which Secondary Circles do cut tht 
Principal Circle into Two Equal Parts, and at Right Angles. 


XI. I 
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l- The Po/es of the guinoctial ate the ſame with the Poles of =” 
the World, the one of which is called the ieh Pole, becauſe XXV. 
it is near to the Two dete or Bears : The other oppoſite to 4 


between, through the Centre. of the Sphere (from ons Pole to the >" .; > _ 


her in other) is called the 4x: of the %. The Hquinectial divi- | "2 
ry {owl deth the Eclipticꝶ into Six North, and Six South, Signs: The . 
are dil Secondary Circles of the Hquinoctial, are called in the Hea- - _ 
7's are i venly Sphere Circles of Declination. Amongſt theſe is one of „ 
d are e chieteſt Note, the Meridian; and befides it, Eleven Hour- Qrcles, 

rred M piſſing by every 15th Degree of the Fqzncttial, to be reckon- a 

800 Ye ed from the Meridian, and fo they divide the whole Ægaino- | 
tands Val into 24 equal Hours. There are alſo Two chief Secondary i 
e Stan Circles of the Æqui noctial, which are called Cœlures; the one. = 
II, C pafling by the Ferna! and Autumnal Section, is called the Co: - 1 


lere of the Æguinoxcs; the other paſſing by the Two Solſtici- - = 


r ther al Points, v22. the beginning of Cancer & and Capricorn r,; = 
the His called the Colure of the Solſtice. This latter, divideth tige 


king uſt 


Ecliptick in Aſcending and Deſcending Signs ; becauſe in tze 
him h | | EE | 


firſt the Sun doth aſcend to our Zenith in Capricorn, vis. in 


ers Pei rz K 8 H, which are alſo called the Szzms of Short 
rmined i Aſcenſion, becauſe they riſe in a ſhort time equal to the Shorteſt 
1d, ub Dey of the Year : But in the Deſcending S:gns, the Sun doth 

its O deſcend every Day more and more from our Zenith, and thoſe 


ies. are S N m m. 7: Theſe are called alſo Signs of Long 4- = 


feenſion, becauſe they Riſe in a time, equal to the Longeſt Day in 


ards S the Year. Both Co/ures together divide the Ec/iprick into our 
wards Woadrants ; the Vernal containing Aries V, Taurus 8, Gemt- - 

It is nn; The Summer Quadrant, Cancer &, Leo S. Virgo ; The 
pendia Autumnal, Libra =, Scorpio m, Sagittarius 4, the Hintern 


ts hig Quadrant, Capricorn , Aquaries x,; Piſces &. 


III. The Secondaries of the T erreftrial FEgquinoltial are called © 


h the U 

. from ll Meridians, and they are 18, paſſing by every roth Degree of 
Veres, the Equinoctial, and in ſome Globes, through every 15th Degree 
And of the Fgauinodig/, which is equal to One Hour, in Time. 
rcles i The firſt of theſe doth paſs by the Hands of Azores,: in ſome... 
cut t G/obes. But by the neweſt, and beſt made Exgliſb, Globes, at- 
Angler. St. Michael's Wiland in the Azores. r. 1 


HP * ww #4 It: Sonatas > ar 
8 WF > o 9 * * 
7 e * n = 
N L TS hs "2 wm 7 > 
— 3 - 
* Fa. ? : 


XXV. 


« "IS 5 
TA 
— - * 


" > : k : 'Y 
F * 
. d 3; 5 
a 4 3 ? 
3 R 
4 * . 4 
5s % L 
* * 1 
n n 
: 4 - 
* 
* * — — 
„ 9 8 
* . 
. . 
= " | | 
. 


Fe. XIV. The Parallele to the Equinoctial; are Leſer Cireles,"dividi 


XV | The Two Tropicks, together with the Two Polar Circles, d 


XVI. The Inhabitants of the Torrid Zone are called Amphij 


ſeri, becauſe their Shadow goeth round about them in 


| XVII. There are Parallels alſo which diſtinguiſh the CO/imatei 


Day was 13 Hours; and becauſe the midft of this did paß! 
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Ancilla Mathematica, 


the Sphere into Two wnegual Parts: They are Two Tropic 
which the Sun deſcriberh, the one in the Longeſt Day, the oh 
in the SHortſt Day. Their Name Tropicks, ſignifieth a ret 
ing, viz, of the Sun. And Two other Leſſer Circles are deſctih 
by the Diurnal Revolution of the Poles of the Eclipiick, 9 
one called Arrzck, the other Antartick. J 


ſtinguiſheth the whole Surface of the Earth into Five Zow 
the Hot or Torrid Zone is between the Two Tropicks, but fin 
the Tropick of Cancer S to the Artick Circle is the North I- 
perate Zone, and from the Tropick of Capricorn y to the þ 
zartick, is the South Temperate. Zone. What lyeth within d 
Artick Circle, is called the North Cold or Frigid Zone; u 
that which lyeth within the Aztartich, the South Erigid Zone. 


becauſe their Mid. days Shadow falleth now towards the Sou 
and then towards the North: But the Inhabitants of the Th 
Temperate Zones are called Hetergſcii, becauſe their Mid-dg 
. Shadow falleth only towards the North in our Hemiſolut 
and only towards the South in the other Hemiſphere: A 
laſtly, the Izhabitants of the Two Frigid Zones are called Pn 


— A „ an. ® 


which Climate are, as it. were, Little Zones: They are gie 
eſt near the quinoctial, and from rhence they grow ſmall 
and ſmaller towards both the Po/es. Their Diſtance and Lam 
neſs is determined by the length of the Longeſt Day; for? 
often as the Longeſt Day gaineth half an Hour above 12 Hout 
there is produced a new Climate So the fuſt natural Cina 
ought to have its midſt where the Longeſt Day is 12 Hou 
and a half long: But the Ancients (perhaps knowing nothin 
of thoſe Parts of the World ſo near to the Aigurnodtial) left i 
this firſt natural Climate, and made their e wen 
indeed the Second ſhould have been, viz. where the Long 


be. 


— 


% - 


O Coſmographyyp. 
the Iſland which the Nils maketh, and is called Meroe; they 
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5 . I named their firſt Cimate Dia Merzes, the ſecond Dia Syenes, 
5 es Hoe being a Town lying under the Tropick of Cancer; the 
1 2 rm third they called Dia Alexandria, this being a Town fituated 
> deſcrighlll up0n the Month Nilus ; the fourth, Dia Rhodia; the fifth, Dia 
rich. ol Komes;, the fixth, Dia Ponta; the ſeventh, Dia Boriſtbenis, 
* "Wl where the Longeſt Day was 16 Hours; and here the Ancients 
left it: But the Modern have continued their Ciimeres to the 
cle; i 4rtick Circle, where the Longeſt Day is 24 Hours, becanſe 
be Zan the Sun doth not ſer there in the beginning of Cancer, but only 
but fu toucheth the Horigon with his Circle. And now, there are as. 
orth Tull many (Iimates on the other Side of the 11 The Cr- 
o the c of Perpetual Apparition is deſcribed by a Point touching 


within the Narth Cardinal, being carried about by the daily Motion; 
one; and all the Stars that are within this Cycle of Perperual Ap- 
Zam. Porition are always ſeen above our Horiæon. Another Circle of 


Perpetual Occultation there is deſcribed by a Point touching the 


Amphiſ South Cardinal, and being carried about by the daily Motion; 
he S { all the Stars that are within this, do never Riſe with us. 

n wy VIII. The Secondarics of the Ecliptick, are called Circles of La- 
emiſphen titude; there are Six of them upon the Cz/efiza/ Globe, dividing 
e: the Signs of the Ecliptich, and al ſo the whole Sphere into Twelve 
led Pau equal Parts; by which Diviſion all Szars are referred to that 
m in Sin which is between the Two next Circles of Latitude. Now 


ix are beneath. 


[1 at | x 2 1 . . | | * > 
2 IX. The Poles of the Horizon, are the Zenith and the Nadir; 


F 54 | 

hat the Secondary Circles are called Vertical or Aximuth. or Cir- 
nd Lal cler of Altitude, amongſt which, the chiefeſt are, (1.) The Me- 
y; fort ridian. (2.) The Circle of the goth Degree of the Ecliptick, 
12 Howl paffing by the Po/es of the Ecliprick, the Zenith, and the 
al Clind 20th: Degree of the Ecliptick, being counted from the Horiæon, 


Six Signs of the Eclipticꝶ are always above the Horizon, and | | 


. +a 


12 Holi either from the Eaſt or Weſt. (3.) The Vertical, paſſing by the 
g notbig Eaſt and Weſt Cardinals; where the Interſection is of the Ægui- 

) leſto f voie and the Horizon; which Sections alſo, be Poles of the 
7, When Meridian : And the Poles of this Vertical paſſing by Eaſt and 
e Lon eſt, are in the South and North Cardinals, where the Me- 
id pals" Lian doth divide the Horizon in the Ortive and Occidental 


10 


Semicircles, Now the Secondaries of this ſaid Vertical, which 


E's — 


I/ wy Ancilla Mathematica. 
Fig. _ naſleth by the true Eaſt and Weſt, are the Circles of Poſitiy 
XV. - paſſing by every zoth Degree of the Mgquinoial, reckonin 
trom the Meridian or Horizon, and dividing the whole Sphen 
into Twelve; Houſes. The firſt Houfe.is called Horgſcape, au 
is that which is next under the Oriive Horiaon; from these 
the other Houſes do ſucceed under the Earth after the Sucei 
{ion of the Signs. Where every Arch of Paſition- cutteth H 
E:liptick, there is the Cuſpides of the Houſes. There are k 
ſides theſe Circles of Pofition, an infinite Number paſſing 
every Point of the Sphere. gs „„ 


cM a 


XX. The Parallels of the Horizon are called Almacantarath, a 


are deſcribed upon the Aſtrolabe, to ſhew the Altitude of H 
Sun, or of the Stars above the Horizon. 

7 fo 9 | 

XXI. The Meridian is the Original of Winds; there are Four Cri 1 
di nals, and Four Mean: The North is known by the Fou 
de. Luce, and the Eaſt by the Croſs: The Mean do compou : 
their Names from the next adjacent Cardinals; being Vn: 
Eaft, North- Neſt, South. Eaſt, South-Weſt : Now every one 
the Cardinals and Means hath Two Laterals, bearing the am 
Name with their Principals; ſo they are called North by EA 
North by Weſt, North Eaſt by Eaſt ; North Eaſt by North, Me 
Now theſe Laterals being 16, make, together with the 8 P/]]ꝗñ 
cipa's, 24; and juſt in the midſt, between every Two Prin 
pals, thera are the Eight Re/idua! Winds, bearing the ſame N 
with the Means they are next unto; but taking a fore Ne 
from the next Cardinal, ſo they are called North-Norih Eb 

| Eaft North-Eaſt, &c. | : 
XXII. Theſe 32 Winds being continued upon the Surface of ti»; 
Earth, do make as many Rumbs ; that Rymb which paſſeth H 
the South or North, is always a Meridian; and that which pil F 
eth by Eaſt and Weſt, is always either the Hguinoctial, tt 
Parallel unto it. The other Ryumbs are crooked Lines, neitha 2! 
Circular nor Elliptical, and are Seven in every Quadrant, A 
be numbred both Ways from the Meridian. The general Fd 
priety of all Rambs is to cut all the Meridians they pals At 
into equal -Ang/es. There may alſo, befides che.ſaid 32 Run th 
paſs one by every. Point of the Aorizon. 4 45 
att 


5 


Of Coſmography. 
XIII. The Effects of all the foreſaid Circles, both Principal and 
Secondary, are Angles and Arks. The Angles which they 
make arè Right, when a Secondary meeteth with its own Prin- 


5 tin 
ec kon I 
le Sphen 


&, An | . 1 
1 cipal, and the other Angles: are altogether Oblique: So the 
e Sucœ e 472/e which the Æguinoctial maketh with the Ec/iprick is al- 
teth till ways 23 Deg. 30 Min. as much as the greateſt Declination of 
2 are h the San. „ 
. IV. The general Way of Meaſuring Angles upon the Sphere, 


is to ſet one Foot of a Pair of Callipere in the Point where the 


228 


de of H deſcribe an Ark between the Two Legs, (or Circles which make 


the Angle) for as many Degrees as that Ark containeth, ſo 


Four Cri made by the Æguinoctial and Ecliprick is taken in the Solſticial 
Four Colure, between the beginning of &, and the goth Degree of 
>mpourli the Æguinoctial. Likewiſe the Angle which the Æguinoctial 
g Nen makes with the Horizon, is meaſured 90 Deg. from thence in 
Ty one di the Meridian, between the Horizon and ZEguinottial; and that 


which is farther in the Meridian, from the /Fguinotial to the 


the ſan; 

by EA Zenith, is the Latitude of one Place; into which is, always, 
th, equal to the Poles Height, to be reckoned from the North Car- 
> 8 Pr dinal to the Pole. Sailing ftreight towards South or North 


One Mile the AÆguinoctial is raiſed or fallen One Minute; 
going 60 Miles, it riſeth or falleth One Degree: So at length, 
coming to the middle Line of the World, the Æguinodtial will 
be raiſed to the very Zenith, both Poles lying in the Horizon, 
and all the Para/le/s to the qui noclial cut the Hori gon at 
Rizht Angles; Whence this Poſition of the Sphere is called 


) Print: 
ne Nam 
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e of H Sphere Refa; where all the Stars do rife, and abide as long 
aſſeth H above the Horizon as beneath; fo there is a perpetual Æuino- 
hich pi Lia all the Year: But as ſoon as one of the Poles doth riſe above 
zal, ot the Horizon, and the other cometh to be under the Æguinoctial, 


and all its Parallels make Obliguę Angles with the Horizon : 


neitbe 
And for this Reaſon, ſuch a Poſition of the Sphere is called 


ant, l 


eral Po Sphere Obligua ; where, not all the Stars do riſe, but ſome 
paſs Hare always above, and ſome always below, the Horizon. When 
Run the Pole comerh to unite with the Zenith, then the Æguino- 


I. Th Ee 2 


Angle is made, and extend the other 90 Deg, from thence; and ſo 


dit fatleth wholly in the Horizon, and the Parallels of it, 
ate alſo parallel to the Horizon ;- and this Poſition of the Sphere 


many Degrees alſo is the Angle. So the Meaſure of the Angle 


* 
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Ancilla Mathematica. 
Fig. is called Sphera Parallela. The Sun moving in that pan 
Yy the Ecliprick, which is above the Horizon, that is on one lid 
the Æquinoctial, doth never ſet, but is turned continually roy 

about, and miketh a Day of Six Months: So likewiſe, runs 

through the other Six Signs that are under the Hof æon, iti 
never riſe, but maketh a Night of Six Months alſo. 


XXV. The Angle which any Degree of the Eclipticꝶ maketh wi 
the Right Horizon, (that is, in Sphera Recta) is equal to ti 
Angle which the ſame. Degree of the Ecliptich, maketh 
the Meridian: But whether the. Eclipticꝶ. make ſuch an Ay 
with the Right or Ob/igue Horizon, the ſame Angle is alw 
called the Aele Orrent; that is, of the riſing Degree off 
Eclipticꝶ; and its dirs nds is in the Cz7c/e of the goth Dey 
between. the ſaid 5oth Degree and the Horizon... 4 


XXVI. The Angle which the Meridian maketh in the Pole off 
World with any Circle of Declination, taketh its Meaſure in 
Aquinoctial, between the Meridian and the ſaid Circle. of! 
clinatial, and this they call, The Diſtance of. the. Star fromll 
Meridian. So likewiſe the Ang/e which the Meridian mak 

with the Vertical Circle at the Zenith, taketh its Meaſam 
the Horizon, between the Meridian and the ſaid Vertical; © 

this they call, The Azimuth of. the Sun or Star.. | 


XX VII. The Arks. to be meaſured in every Principal Great 
cle, or its Secondaries, have alſo their proper Appellatul 
So the Ark of the AÆguinoctial, which is comprehended beti 

the beginning of y; and the Circle of Declination paſſing 
any Star, is called the Right Aſcenſion of that Srar : And the 
which in the ſaid Circle of Declination, is between the Au 

Cial and the Star, is called, The Declination of that Star. But 
Oblique Aſcenſion of a Star, is an Ark of the Æguinoctial, 
koned from the beginning of V, to the Point of the A 
Fial Riſiug with that Sar: So likewiſe, the 0b/:qze. Deſc 
on of a Star is, the Ark. of the AÆguinoctial reckoned. from 
beginning of V, to that Point. of the Æguinoctial, which 
ſetting together. with the Sar. Now the Difference tha 
between the Right and Oblique Aſcenſion of the Sun, or 

Star, is called, Ihe Aſcenſional Difference. Moreover, 

47 of the Ecliprick, which, is between the. beginning, old 
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| of Coſmagraphy. = 175 5 Y 
_ Circle of Latitude paſting by any Star, is called, The Lon- Fig. 
gituds of that Stan: And. the Ark, which in the ſaid Circle of XV. 
Lande, is between the Exli prickł and. the Star, is the Stars 
Latitude: And all this is to be underſtood of the Cæleſtial Globe. 
But upon the Terreſtrial Globe, the Longitude and Latitude of 
any Place are referred to the Aqui noctial and Meridian: So 
the Longitude of an Earthly Place is an Ark of the AÆguinoclial, 
intercepted. between the Firſt Meridian, and the Meridian paſ- # — = 
ſing by the ſame Place. And the Latitude of the ſame —_— Y 
an uk of the Meridian, to be reckoned W the gui noctial 
to the Place upon the Globe. NG 


*®a,. q 


XXVIII. In the Horizon we reckon the Am nude of the Sun or 

any Star, between the true = or Weſt Points, and that Point 

where the Sun or Star doth Riſe or Set: And the faid Ampli- 

tude is either North or South, according to the Beaming of the 

Sun or Star, in reſpett of. the true Eaſt or Weſt Points. Ie 
Altitude of the Sun or a Star, is taken in the Vertical Circle, 
paſſing by the ſame, between the. Horizon. and. the ſaid Star: 
So the Depreſſion of the Star is, An Arch of the Vertical. cr. - 
ce, between the Horizon and the faid Star. | 
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ANCELA MATHEMIATICA 
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| How to Meaſure the Sides and Angles, of all Spherical Triangles, 


SY: 
. 


5 - 1 V E L., f 5 
Trigonometria Practica. 


* 
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SECTION 


— 


OF 8 


GEOGRAPHY. 


PHE following Geographical Problems being firſt to be per 
formed upon the Terreſtrial Globe; upon which the Spher;- 


cal Triangle, that reſolves any Queſtion is diſcovered, in order to 
the Trigonometrical Calculation: I conceive it neceſſary, in the 
firft place, to inſert this General E 


PROBLEM. 


upon the Convex Superficies of the Globe. 


PHE Sides of all Spherica/ Triengle upon the Glte, an 


Meaſured by the Degrees of thoſe Great Circles, that make 
(or conſtitute) the Triangle, contained between the Two Angular 


Points. | 


1. If the Sd, or Sides, of the Triangle to be meaſured, do conſiſt 


of ſuch Great Circles as are actually divided into Degrees upon the 
Globe, or its Appendants; as the Rquinotfial. the Colures, the E- 
cliptick, the general Meridian or Horizon : Then, the number of 


Degrees contained in that Great Circle, contained between the Two 


Angular Points, is the Quantity of that Side of that Triangle in 


Degrees. But, 5 2.1 


— 
- * 8 6 


9 Geography. Ty 

2. If the Sid or Sides of the Triangle be compoſed of Arches Fig, 
f ſuch Great Circles as are not actually divided (as all Circles XNVI. 
f Longitude, and other 7 Great Circles) then, take the : 

ength of ſuch Side in a Pair of Calliper Compaſſes, and apply it to 
ny of the forementioned Great Crreles (as rhe Aqui noctial, &c.) 
: {hall thereupon fhew you the Quantity of that Side in Degrees. 

Or, the Quadrant of Altitude (but rather, a thin Plate of Braſs 
onger than the Quadrant of Altitude, divided into Degrees, as. = 
he Quadrant is) applied to the Sade to be Meaſured, between the 555 
Two Angular Points, ſhall give you the Quantity of the Degrees ; | 
f that Srde of the Triangle, ee 


II. For the Angles. 


The Angles of Spherical Triangles are Meaſured upon the 

operficies of the Globe; by counting (or ſetting off) go Deg, 

tom the Angular Point, of the Angle to be Meaſured, upon both 

he Sides which contains the Aigle to be Meaſured : And at the 

erminations of thoſe 90 Deg. on both the Sides, make Two ſmall 

Marks upon the Globe. Unto theſe Two Marks, apply the Qua- = 
rant of Altitude, or thin Plate of Braſs; fo the Number of the 3 


CA. 


n Degrees thereof, contained between the Two Marks, is the Quan. Lo. 
der iy of that Ange, * f 
in the == 8 


Geographical Problems. 
FROB' 


0 _ the Longitude of any Place, deſcribed upon the Terreſtrial 
Goh“. 1 5 . 5 
| Ongitude is the Diſtance of a Place from the firſt Meridian 

reckoned in the Degrees of the Fguator, beginning, as was 
laid, in the New Terreſtrial Globe, (made by Mr. Morden) as St. 


ngles, 


„ at; 
make 
20 ular 


onſiſt ichaePs Wand in the Azores. Ps 
2n the WY Prafice.] Bring the Place, (that is, the Mark of the Place) ſup- 
wo pole London, to the Brazen Meridian; then count how many 


Degrees of the Equator are contained between the firſt Meridian, 

and that of London cut by the Brazen Meridian, which you will ES 

find to be 28 Deg. and that is the Langitude required, —_ 2 
| ” | ond: # 


Two 
le in 


2. H bis manner you find 


Alncilla Mathematica. 


London 5 85 n 2 s ES 

Feruſalem J to be diſtant from 
Fedo in Fapan \ the firſt Meridi- 
Rio de la plata ( an by theſe New * 
—_—_—— _\ : -G/opre. ; 
Charleton Iſle 


P R O B. II. 
To find the Latitude of any Place, 


5 T HE Latitude of a Place, is the Diſtance of the Equaty 
| from the Parallel of that Place, reckoned in the Deegreg 
of the Braſs Meridian; and is either North or South, according x 
it lyes between the. North or South Poles of the Equator. 
To find the Latitude, bring the Mark of the Place, ſuppok 
London, to be the Brazen Meridian; then count the Number d 
Degrees upon the Meridian, contained between the Equator an 
the Place ©. Thus you ſhall find the Latitude, by this ney 
Globe, of London, to be 51 Deg. 30 Min. and of 


. „„ 


Labor in the Magul's Country to ber 31 30 23 30 
The South Part of the Caſpian Sea 1 

wx 1 5 37 . SITY 141 -0. 
Aſtracan on the North Part of the 1 8 5 5 l 
Caſpian Sea to be 8 71 49 o ain" 
The North Part of China to be 42-0 - 52 o Bn” 
Dell: in India to be | ©] X21 0 : 
ROA ©W-* 


To Places, which differ only in Latitude, 'ro find their Diſtanc 


N this there are Two Varieties of Poſition 
1. If both the Places lye under the ſame Meridian, and on 
one and the ſame Side of the Æqui noctial: Subſtract the Leſſer Ls 
titude from the Greater, the Difference (or Remainder) reduce 
into Miles, (by allowing 60 Deg. to One Mile) /hall give you ilt 


„ 


Diſtance. 
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5 idian, but dier! in Te # For paths hach 51 Deg. 30 Min. - the 1. {© ah 0 br 
0 ff Latitude, at L, and Ribadio hath 34 Deg. of 5 at R, | 7 "IM 
9 both North; the Difference of Latuude is 17, Deg. 30 Min. Ru” 1 
a) equal to the Arch LR: And that Reduced into Miles, makes . © 45. Þ 0 
0 1050 for their D- - Garth 5 1 
9 2. If the Two Places lye under the ſame Meridian, but! in dif: _— 
| ferenr Hemiſpheres, i. e. one on the North, and the other on the 3 
South Side of the ZEguinedial : Then, Add both the Latitudes to- 
ether, and the Sum of them is their Diftance. DN 22 
Example. London, and the Iſland Triftan' Dacunbu, lye both 1 
under One Meridian, but London hath 51 Deg. 30 Min. of 1 
Equatr North Lagrrude, at L. and the Iſland | hath 3 4 Dag. afGamnh:- 
Degres Latitude, at D; the Sum of theſe Two 2 1 
rding a 30 Min. equal to the Arch of the Meridian L. K D; the which ES 
— into Miles, (by multiplying the Degrees by 60, and al- : 
ſuppo lowing for every Minute One OF? _ £98 30 he for their 
nber dWDiance. E 
tor and 
nis new | p R O B. Iv. 
Iwo Places, which di Heri in Longitude only; To find their Dh. . 
23 30 2 this there are Two Varieties of Poſition. 
1. If the Two Places lye both under the Equinolfial, TAP | 4 
41 o. bare no Laritude; in this Caſe, Their Difference of Longitude © Þ 
if it be leſs than 180 Deg.) 7s their Diftance : But, if the Dif- _— 
19 oerence exceed 180 Deg. Subtract it from 360 Deg. and the Re- 
-2 o mainder is their Diſtance, in Degrees. 
21 0 Example. The Iſland eke and Iſland St. Thomas, ye both 
under the Fquinettial : St. Thomas having 22 Deg. 10 Min. of Lon- 
zitude at T, and the Iſland Samatra 82 Deg. 10 Min. at S. Now, 
= the Leſſer Longitude 22 Deg. 10 Min. ſubſtracted from the Greater | 
Diſtance. sz Deg. 10 Min. leaves 60 Deg. equal tothe Arch S T, for their Df. 
N erence in Degrees: Which converted into Miles, makes A WW 
10 and ſo many Miles are the Two Iſlands diſtant from each other. | _ 
3 1 2. But if the Two Places differ only in Longitude,” and lye not 
Yer f In the Æguinoctial, but under ſome other intermediate Parallel 
7 7 df Lui: As Hieruſalem at H, and Baldo at By both in te 
' you Parallel of 31 Deg. 40 Min. of North Latizude, but differing in =_ 
my os 56 Dow 15 Min. equal to the my H P B, to finn i 
\ te Diſtance of theſe Two Places. . .' = 
Exam F 4 : By By : EE =" 


" Abt the . of Al ee or 9 la to : ths Tub 
"pu? 8 the Number of Degrees thereof contained between 
the Two Places, is their Diſtance, which will ad — to be 
50 Deg. 32 Min. oy _ 3 

e $i Trigonometrical, Calculation. 
The Quadrant of Altitude (or Braſs Plate) applied to the TW 


Places, is repreſented by the Arch HB, and the Arches of the 
Two Meridians, which paſs through the Two Places,.are P BN 


1 
+} 
4-4 


and PH M; and PB and P H, are equal to the Complement of 


of the Latitude of both the Places, 272. 58 Deg. 20 Min. So 


that now you have conſtituted upon the Globe. an Oblique Spherical 


Triangle PBH; in which you have given, (I.) The Two Sides 
PB ind HH, both equal to 58 De 3 20 Min. the Complement 
of the Latitude. ( 2.) The Angle 


the Side B H, their Diſtance. For which this is 
The Canon * Calculation. By CASE by of R. A. S. T. 


As the Radius, Sine 90 Deg. 


P H 60 Deg. 15 Min. the 
Difference of the Longitude'of the Two given Places. To find. 


Is to the Co ſine of the Common Latitude ( PH or PB) 59 D. 20M. 


So is the Sine of half the Difference. of Longitude, (half BP 8) 


30 Deg. o/ r Min. 
To S Sine of half the Diftance (half B H) 25 Deg. 16 Min. 


The Double whereof, 50 Deg. 32 Min. is the Diſtance B H, 


which in Miles is 3032 Miles. 
PR OB. v. 


Two Places, which differ both in 5 Lenght and 1 to find 


their Diftance. 
"N this there are Three Various Poſeri lions. 


1. If one of the Places lye under the Æquinoctial, and ſo have 


no Latitude; and the other under ſome Far allel of Latitude be- 


tween the Equinodial, and one of the Poles: As London, in 


51 Deg. 30 Min. of North Latitude at L; and St. Thomas liland 
under the Æguinoclial at T, but differ in Longitude 18 = Far 


8 the 188 of theſe Two * 


e 


. 3 2 l 
” 1 - "Ba. 4 I 4s 
. 1 . ; © ws 
1 n \ * 
4 N * 
. 7 5 ER * * 
— . "Xx 1 
n 1 _ 
* W WJ 2 0.3 © 
=y *. ** wry * 
2 


T 1. Upon ee denen Globe. 
Bring London to the Bra/s Meridian, and oyer it, fix the Qua- 
grant of Altitude : The Globe being in this Poſition, bring the 
Quadrant of Altitude to lye Juſt over St. Thomas Iſland, and you 


Two. 
tween, 
to be! 


Ide Diffarce of the Two Places. 
e IlI. By Trigonometrical Calculation. 
of the e n. 
P BN 
xent of 
1 85 
Hericul 
Sides 
lement 
in. the: 
O find, 


tuted upon. it a Nght- angled Spherical Triangle: L. E T, compoſed 
of, (.) L E, an Arch of the Brafs Meridian. (2.) E T, an 


Circle (made by the Quadrant of Altitude) paſſing through both 
the Places: And in this Triangle, you have given, (beſides the 


of Longitude 18 Deg. 10Min. To find the Hypotenuſe L T, 
the Diſtance. TTF : 
The Canon for Calculation. By CAS E XIV. of R. A. S. T. 

As Tang, of the Latitude L E, 51 Deg. 30 Min. 
Is to the Rss i RT Gr et Is 
So is the Co-fine of L T,-18 Deg." 10 Min. 

To the Co-tangent of LT, 52 Deg. 55 Minn. 
Which reduced into Miles, makes 3175 Miles, for Di 
tween London, and St. Thomas Ifland. _ 

2. It both the Places propoſed ſhall be without the AFiquingdial, 
but both of them, either on the North or South Sled eee :> AS 
„ London in 31 Deg. 30 Min. at L, and Hienuſalem in 31 Deg. 
70. fn 40 Min. at H, both on the North Side of the gui nacttal; and 


. 1 
= . 4. 


their Difference of Longitude 46 Deg: To find their Diſtance 


— 


o have 
ſe be- 
n, in 
IIland 
3 


over it ſerew the Quadrant of Altitude, and keep the Globe there 


Quadrant And that is the Brffance of the TO Places. 


* - 
oY ; v L 
: * 
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8 * 
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will find it cut the Quadrant of Altitude, in 54 Deg. 45 Min. for 


The Globe reſting in the former Poſition, you will find conſti- 


Arch of the Æguinoclial. And, (3.) L T, an Arch of a Great © 


= ” 
* " 


Right Angle at E) (1.) The Perpendicular L E, the Latitude of 
London, 51 Deg. 30 Min. (a.) The Angle at L, the Difference 


ance be- 


Bring one of the Places, as London, to the Braſs Meridian, and 


fed, then move the Quadrant of Altitude, till ir iye over Hier- 
/alem, and you ſhall find it to lye under 39 Deg. 32 Min. of the 
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Is to the Sine of half their Difference, 9-Dep. 5 55 Min. 


| To the Tangent of 28 Deg. 29 Min. 


| 85 is the l of half the Bee of Longitude, i. e 


(+ ; 
FE»; IE a. 


gt: 1 „ Alculati 55 

The Globe 27 2 in the former Poſition, you will find upon it a 
Obligue- angled S erical Triangle, compoſed of P L, an Arch gf 
the Braſs Meridian: Of P H, an Arch; of the Meridian that pal. 
ſeth over Hieruſalem; and of 1. H, an Arch of the Quadrant 
Altitude. In which Triangle you have given, (I.) PL, the od 
plement of the Latitude of London, 38 Deg. 30 Min. 2.) The 
Side P H (the Complement - the Latitude of Hires 59. 
Deg. 20 Min. (3.) n e L PH, the Difference of: Lomi 
tude of the Two Places, 46 Deg. To find the Two Angles of FA 
 fitionatL and H: And, 00 The Side LH, the Diſtance of the 


Two Places. 
The Canons for n ; 
By CASE III. _ CA. SE IX. of A. C. S. 1 5 | 


be 


: * „ 
38 30 
| The Side J 3» 20 
Their Sum is . 96 50 
Their Difference is 19 50 
The Half Sum is 48 25 


The Half Difference is 9 55; 
Being thus prepared, I'ſay, 


(i.) As the Sine of half the Sum of the Sides PL and P B, 4 
Deg. 25 Min. 


So is the Co-tangent of half the Difference of 1 (i. e 
- half the Angle L P H, 23 Deg. 


Which is the half Difference of the Ar PL H an PHL. 


ay As the Co- ſine of half the Sum of the Sides P L and . 1 U 
41 Deg. 35 Min. 
Is tothe Colne of half their Difference, 80 Deg. 2 Min. _ 


half the Angle LP H 23.Deg.. 
To the Tangent of 74 Deg. 2 Min. 
Which is the Tangent of half the Sum of the Two Angles 
PLHand PH 25 


The 
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The Half Sum is 74 02 by: 
ie is 28 2 
Their 8um 102 31 equal to PL H. 
(3) For the Side L H, which is the Diffance, 
As the Sine of PH L, 45 Deg. 33 Min. 
to the Sine of PL, 38 Deg. 30 Min. 
So is the Sine of L F H, the Differ. of Long tude, 46 Deg. 
> the Sine of L H, 30 Deg. 51 Min. 8 
Which 38 Deg. 31 Min. reduced in Miles, makes 233 1 Miles 
for the Diſtance of the Two Place. 1 
3. If the Two Places 8 be ſo ſituate, that one have 
ſorth, and the other South, Latitude, and under different Meri- 
ans. As ſuppoſe Conſtantinople, lying in North Latitude 47 D. 
C. and the Cape of Good Hope, ly ing in 35 Deg. of South La- 
zude, at V; and differing in Longitude 59 Deg. To find the Di- 


zace of theſe Two- Places 

£2 Upon the Terreſtrial Globe. 
Bring one of the Places (as Conſtantinople) tothe Braſs Meridi- 
z and there keep the Globe; then apply the Quadrant of Alti- 

de (or rather a thin Plate of Braſs divided as that is) to the Two 

aces, and you ſhall find 97 Deg: 42 Min. of the Quadrant (or 
aſs Plate) to be contained between them, and that is their 
ſtance. 1 „ 

7 By Trigonometrical Calculation. - 

The Globe reſting in its former Poſition, you will diſcover up- 
nit an Oblique- angled Spherical Triangle, compoſed of P C, an 
ch of the Braſs Meridian: PV, an Arch of a Meridian, paſling © 
rough the Place in South Latitude: And of CV, the Quadrant 
dr Braſs Plate) repreſenting the Arch of a Great Grele paſſing 
rough both the Places — In which Triangle you have given, 
.) The Side PC, the Complement of the Latitude of Conftanti- 

ople, 43 Deg. (2.) The Side PV, the South Latitude of the 
ape of Good Hope, with 90 Deg. added, which make 125 Deg.. 
nd, (3.) The Angle VP C, the Difference of Longitude, 59 Deg. 
o find, (1.) The Angles of Paſſtion PVC and PCV: And, 
2.) The third. Side VC, the Diſtance of the Two Places. 
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Angles 


"The Ts 
The 


Fe | Mathimatica... e ö 
Rg. - The incl for Collins; ar in the aft, by 0 A 8 E m 
N. IX. of A. C. S. I. 
(i.) As the Sine of the Half Sun of the Sides py ol P c 8 
Is to the Sine of half their Difference, 41 Deg. 


So is tie Co-tangent of half the DiffeFence of Laune, | 
(half the Angle VPC) 29 Deg. 30 Min. 
To the Tangent of 49 Deg. 23 Min. 


Which is the Hal Difference of the Angles PVC and PC} 


(2.) mor Co-ine of half the Sun of the Sides, P V and. 
3 
Is to the Co-f ne of half their Difference, 49 Deg. 
* is the Co- tangent of half the Drfference of Longitude, 611 
To the Tangent of 85 Deg: 32 Min. 


Which! is half the Sum ft the Two Angles, PC V and PI 


| B. 
The half Sum is „ 
The half Difference is 49 23 


Their Sum 134 55 Sul to 2 P cl, 
Their Difterence 36 og equal to <P VC 
The Two Angles of Poſition. 


(3.) For the Side V C, which is the Diſtance of the Two Places, 
" As the fine of P V no 36 Deg. 9 Min. 

Is to the Sine of P C, 43 Deg. 
Sois the Sine of V PC, 59 Deg. 

To the Sine of 82 Deg. 18 Min. 


| Whoſe Complement to 180 Deg. is 97 Dog 42 Min. for 


Side V C, which is the Diſtance oft the Two Places. Whit 
in — is 5862. 


And theſe are all the Varieties of Pofitions war any T 
yy upon the Globe can be ſituate. 
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ADVERTISEMENT. 


} Hereas, for the reſolving. of the following Aſtronomical Fig. 3 
Problems by Trigonometrical Calculation, it is abſolutely XXVII. EN: 
eſſary, that the true Place (or Longitude) of the Sun in the E. 
pick be firſt known ; I have therefore inſerted Aſtronomical Ta- 
s of the Sun's Mean Longitude and Anomaly. in Tears, Months, 
ys and Hours; and alſo of Agqzation, whereby the Sun's true 
ice in the Ecliptick may be found at any time: Ir is alſo to be 
ted, That the ſeveral Problems in this Sefzon, being wrought- 
by the Cæleſtial Globe, in order to their Trigonomętrical Cal- 
ation ;. J have, therefore, to inform the Fancy, and eaſe the- 
emory, of- the Reader (in all the Schemes relating- to them 4 
yhich confiſt of Great Circles of the Sphere, and repreſent the 1 
tangle to the Eye, which the Problem is to be reſolved by) no- 3 
the Circles, Lines and Points, in all the Schemes, with the 
e Letters or Characters; and prefixed Them, and their S7gnfi-- 
ns, next before the Problemm. 
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TAB L E L. 
The 8 un 5 Maar Motion i in Tears. 


| Tomi.” 7 "Anomal. . Tongit. 
rr, 18] 
Tears. |S. D. HI. S. F. D. MI | Tears. F D. MIS. D 
5 1700 19 58's 12 33 4731 20 27[6 0 
: 17019 20 426 13 16 B 173200 20 1206 
7 1470219 Bo” 2906 13 1 17330 0 376 12 
e RO 16 12 46 -173419- 20 12 
B 1704/9 20 os 12 31 1225 20 296 
- | 170519. 20 4516 13 14! |B 17369 20 146 
1706/9. 20 go's 12 59] 1737 20 5916 
1707/9 20 1666 12 43! | 17359 20 456 12 
B 1708 0 20 286 12 25| | 173% 20 306 12 
1709/9 20 4616 13 12 B 1740(9 20 16's 12 
17100% 20 32% 12 12 59 17419 21 1,6 12 5 
| 1711 20 18/65 12 41] | 17429 20 46]5 12 
o 36 12. 26 174309 20 326 12 
171300 20 45/6 13 100 IB 17449 20 1806 12 
1714]9. 20 24/6 12 74 1245 TE: als 12 
7159 RO 306 12 39 174619 20 48/6 12 
716% 20 35 12 23} | 17479 20 34% 12 
1717% 20 50s 13 7 BB 1748 20 2046 12 
= 20 3616 12 52 | 17499 21 4% 12 
N 171919 20. 212 37 E 2592 20 12 
9 B 17209 20 7s 12 21 "175115 20 36066 12 
ie 2o $5216 13 5 3 175% 20 216 12 
| 17229 20 376 12 50 | 1753p 21 66 12 
172309 2o 236 12 34 1754/9 20. 5216 12 
17249 20 96 12 19 | 175519 20 3806 12 
17259 20 F486 13 2} f 17569 20 = 12 
17269 Rho 396: I2 47j 2 s - 12 
| 1172799 20 256 12 32 1758'9 20 5416 12 2 
17289 20 1116 12 16 1759 20 396 12 ; 
72999 20 55j6 12 ([B 17609 20 25/6 11 
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1 | Mathematics. 
"The Uſe .of the-T, ahr. 


0 find the Suns true Place in e at any time, yy 
| theſe rer this 1 15 the--..... | 
R 3 — 
| Hom: 1 if e Tables, colle& the Hark M FF? 1 Dy 
of the Month, and alſo the odd Hours, if any be, and ſet them 
down, - one under another, with the reſpective Longitudes and 
 Anomali es an{wering thereto : : Then add the ſeveral Longitudes 
and Anomalies together. and with the Sum of the Anomalies, 
enter (Table IV.) of Agquations, which Equation, Add to, ot 
Subſtract from, the Sum of the Longirudes, and the Sum or Re. 
malnder, ſhall be the Saus true Place in the Eelipict for the 
time e propoe. | 5 ; 
How Time is 10 be computed.  _ 
I. Any Day begins upon its own Noon; ſo that the Fit 
Day of * at 12 at Noon, is theo common Term of the Ola 
and New 1 Tears. OE 
Example. 


Let the true Place of the Sun in the Ecliprick be 0 far 
the 16th Day of May, .in the Year of our Lord 1703. at 
5 in the Afternoon. _ 1 
| Firft, Set down the Year- 1703. then the Month and by 
May 16; and laſtly, 4 5 a5 & here due. OE. 
Secondly, for | 
1703. {in "Table I.) a- To 4 ” MY © Anom. © 
Salt which ſtands 98. J,. D. M. 8; D. I 
10 D. 14 M. for the Year 1703. 4 | 06 12 46 
© Longitude; and 6 S. May, Day 19. 4 14 03 o4 12 02 
3 46 M. for the © 4- „ 5] "2234 <0 
analy, both which ſet. ———- — — 
down as here you ſee. - © Mean Lon. 1 oaigy-] 10 27 
Thirdiy, Look for 2 Hquat. Add. wy 7 Mer: 
16. (in Table II.) againit — | — 
N ſtands 5 14D. © erue Place. 12 05 5 354 u Gem 
48. 12 2 M. or the aun, both which far wade? t the. fo 
| ay e als 
ourtbly, Look for 5 in 1 
12 Minors both for t the Longis. 
As ſee. 3 
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| . Atd al the: Longitudes th 
__ 4 4 (from which ab _—_— A 


ne, b 48.04 PE 
: 0 Wl remains only ba Sens.) e a” the ane: rogether, 7 
| they make 10 Sig. 25 Peg. oo M | 
5 Sixth/y, (in Table IV.) k for” 10 Steur at the Bottom of the - 
d Dy Table, and 25 Deg. in the laſt Column towards the Right Hand. 
t them ſo ag ainſt! it, over 10 Signs, you ſhall find 1 Deg. 6 Min. to de „ 
es and 44464 Set them under the Mean Longitude, and add them to it. 
pitudes ſo will the Sam be 2 Sig. 05 Deg. 35 Min. And that is the true 
malies, Flace of the Sign in the Ecliptick, which is 351 diftant from: £4 
70, ot the 5 oint Y Aries. Netw, that + 
or Re. . Sig © 1 2.3 4 5 6 7 8 9 10 21 
for the — r U A2 42 % 
i Other Examples. : "SY 
- 2 Los t. © | Anom.® | 10 his Exanple, it 
the 01 Year 1720.| 9 20 07] 6 12 2x | the y of the Month 
, Day 29 1 28 09} 1 28 og ont of the Colymn that 
Hours 1 15 | hath Biſex. at "the 
a, fu Mean Motion | 11 18 31 8 10.45 Head gf it, 
O03. at Equat. Add. 1727 ĩ | SS 
. O true Place, * ] iT 20 23 | N Fiſces. 5 8 | 
d Day Longit. O Anom, © | Nate allo, That That if 
4 5 B. [8. D. . tho Few of the Sans 
5 Yer 1713. 9 20 48] 613 1 FE than 
2 Ari! 233 27 By 3/08) 22 1 2. Hil. 
12 % 2 MO . . 4 
77 — Mean Morion l IS 
9 Equa. Add. 01 35 e © oli Of | 
1 © true * 1 64 97 o- 
CA . r be Left Hard, 
e 7 r. O * A 
1 18. . 25 M. ). 305 ' Subſtraft- gu |» 
RM | ed from the Mean Lon. 
deni Year 1761 29 21 10|. 6 12 42 wk N 
: Jan. Day 12 11 50 11 50 gitude; whereas in all 
„ BS: 71 1 theſe Exam les It hath 
he fir Nas RAS . been Added. 
. n 10. 3 391 6 25 11 
tans Equat. Me 4-98 þ.--44 | 
95 as © true Place. 10 4 30[® | a 
"EY Ga i * a . ; 
£ : 5 26 - 2 
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„„ Auel Mathinbtica,: 50% 
In all the Probi f in this Section, it is to be under 
< in all the So ctr Schemes, or e following: 


1 


P 5 5 Pole of the World. — de V6 al . 20 
K Q. | ZEguinotial. Circle, or ed „ 
PFI Parallels (or ſmaller Cir ) of Declination of the 
„„I. Sn, or of aS. 
. Pole of the Ecliptick. 
EC | | Echipiick. | 
iT FRY | Parallels (or leſſer Gretery. of? Aline of the 
EE Sun, or of a Star, or the Latitude of a Plar 

4 1.4... Country . | 
JJ. }FVerndl 285 terſection of the Eurer and A. 


] Autumnal quator. 
Afcenſun $f any Point of f the bibi 


FR 
0 F< 


92575 
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526 And 
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*% 


| Repre- | Beſcenſio on 
- ſents 4 enith. 
the Nadir. 


Hori aon. | 
Prime Vertical Citele, or r Azimuth of E 240 and 


„„. 

Ea Pole of the Meridian: Or the Plac 
Weſt in the Horizon, where the Sun, ord 
Star, Riſes: or Sers. 5 
Right — 
Lk. 4 — © 
| *"F Star. . | 
Side, Sun (and ſometimes) Star. 


| 3 tulle, Declinition, Amplitude, 


Right. an gled 
OSes Plain Tnangles. 


Right-angled 
Oblique angled Plain pings 
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 Atronomical | Problems. 
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„ PROBLEM IL | 
The abe or - Place of the Sun, in the belrurk. vi 


wad To find, 1 : 
a 1. The 205 Right enen e 1 5 Ic 
2. The Sun's Declinatin. oe, 
13 The Angle of Pofition made » the kalen, of the 
Meridian and the Ecliprick. = 3 


N tis Problem there is given the 8428 S or a | Star 5 Places 
& in Reſpect of the Ec/; fs 5 and his IE in bow of 


8 th Aguinocfial, is require = 
-*.- + By-the Cœleſtial Elbe. . . 
Example. Let the Place of the Sun be in 29 „ of Ta- — 
; aft uu 8, (that is, 59 Deg. from the beginning of Aer: F,..  '. - 
dich is the neareſt Æguinoctial Point.) | * 
e Plac The Globe being in any Paſition, (for in this Problem Ss 4 85 _ 
n, or4 is no regard to be. had to the Latitude) count the Sun's Place _—_ 


in the Ecliptict upon the Ecliptict Circle, from Y; and bring - = 
that Point to the Graduated Side of the Braſs Meridian. __ 
Then, (I.) Will the Brofs Meridian cut the Aiquinofial Circle - 
in 56 d. 46 m. counted alſo from Y; and . is the Right 
Aſcenſion. And, (2.) The Number of. Degrees of the Braſs 
Meridian, comprebended between; the gui noclial and Ecliprick 
Circles, will be 20 d. which is the Suns Decli nation — And, 
(3. The Angle made by the Interſection of the Braſs Meridi- 
an, and the Eclipticꝶ Circle in the Point of the Sun's Place, 
will be 77 d. 23 m. which is. 5 a” of Talon, in welpe 
of the Meridian and Ecliptick. - D 
II. By Trigonomctrcll Calculation: | | — 
The Globe being in this Poſirion, there is repreſented upon 5 39 
the Superfictes thereof, Two Right-angled Spherical Triangles, * - . 
ſuch as are expreſſed in the Diagrams, and are there noted Fig. 
with OR and © R =; in which, the Sides © V and'@'z XXVII. 
are Arches of the E * 7 and is the Ss Longitude : VI. Ro 
The _ 
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258 Ancilla Mathematica. 

= The Sides Y R ad = R are Arches of the Equinoltial and? 
= XXII is the Sut's Right gfeenſon; and tie Sites © Rare Arches 
XVIII. of the Braſs Meridian, and is the Sun's Declination. —Alſo, 
1 the Angle at Y or =, is the Angle of the greateſt 'Obliquiy, 
of the Ec/iprick, (and is equal to the, Sun's greateſt Declan 
on 23 d. 31 m. ) The Angle R isa Rrght Angle, and the An gle 
© is the Angle at the Suns Poſirion, in reſpect of the Ecli my 
and Meridian Circles. 
To reſolve this Problem Trigonometrically, | ou are to con- 
ſider the Nuadrant of the Ecliptick, in which the Sun is, which 
in the Figures are fignified by one of theſe Numbers, 1. 2. 2. 4. 

Of which, the firſt is of the Spring, from the beginning of 4 
- ries , to the beginning of Cancer S, x. Then in the Trian, 
_geRT o©aR=0O. 

| E © The Angle at y or tf, 23 d. 31 m. : 
There is given, \2. RV or R i=: The Sun's Diſtance from the 
beſides the Right4 next -/Egquinodial Point; to be numbre; 
Angle at R, ) from Y or &, unto the Degrees of the Sun: 
Longitude ft Place inthe Ecliptick given. 4 


— MHz == 

— - — 2 — - — —— — — 

— — — 
— — * * 


= — p 
— > > ———— — 
9 2 
De e = 22 K 2 
1 — Le 89 — = SE FL \ 
— — 
—— PVP — = — _ - 
a a N * — A — K 
1 ; 
x * 1 
- * - 
* 


rr. R ©, The Sun's Declination for that Sign | which hes 
in; whether North or South. _ — 
| f 1. The Degrees found by the | 
vn | Canon, are the Degrees of 
25 2. The Degrees found, muſt be | 
= | 2 The Arch fubſtratted from 180, and the 
8 T R, or] remainded are the Degrees of 

— 
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= Da 
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"4 =Rwhiche 3. The Degrees found muſt be Righ - 

7 if it be in | added to 180, and the Sam. Hauen — 

Quadrant, are the Degrees of 1 
Wh” I. The Degrees found muſt be 
| | . ſubſtracted from 360 d. and the | 
F Remainder are the Degrees of iy 
Iz. The Angle ©, or the Angle of Poſirion, in reſpel o 
1 the Meridian and Ecliptick Circles, _ | 


4 


The Canons for Calculation. 


Tue Sun being in 29 d. of Taurus 8, which is 550 from | 
Aries ; of 1 ; 1 
| U 


— : 


a For the Right Kan vor = + Re By Ce WIL of K a. 8. T. 


Als the Sine of o ; ]. 
bliquiy W's to the Co- ſine of the groaeſt Obliquity of the Ecliptick 
eclinati. 66 d. 29 . | 
> Angle is the Tangent of the Sam's Diſtance from Y or =, 59 d. 


ccliptick To the Tangent of 36 d. 46 m. Which is the Suns Right 


drant : ut if the Sun had been in 1 d. of Leo Q, or 


to con 

which 29 d. of Scorpio N, or 1 d. of Aguarius x. All which 
2. 3. . Points are 59 d. diſtant from Y or =; the Right Aſcen- 
> of 4 ſion would be found the ſame, as before, vis. 56 d. 46 m. 
> Trian- But by the Rule before given in this Problem. 


lace given 5 29 d. of Scorpio, i inQu.3. > in would 4236 46 
jad been in C 1 d. of Aquarius, in Qu.. 'have been (303 15 


2, For the Sun's Declination R ©. By Cy oe II. of R. A. S. 7. 


$ the Sine of 90d. © 
Is to the Sine of the greatefk Obliquity of the EE 23 d. 3Im. 
is the Sine of the Sun's Diſtance from Y or = 59 d. 
To the Sine of 20 d. the Sun's preſent Declination. - 
Which is North, becauſe he is in a Nortbern Sign. 


A. F. J. 


the Sine of the Suns preſent 8 20 d. 
ls to the Sine of greateſt; Declination 23 d. 31 m. 
o is the Sine of the Sun 's R. . cenſion 56d. 46 m. 


Aion. 
by the' Meridian and Ecliptick Circles... | 
? R 0 B. I. 2 


Right Aſcenſion, or PHeclinatio 
«ie Me "6.9 er Place) i 74 


0 HIS is the Converſe of the 


uired : And may be reſolved as Blldweth. 22 
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To the Sine of 77d. 23 m. The Sun's / Poſit ition, ide : 


12 the gur lien, Te - 


vregoing ee for in 
this, the Sun's Place, in reſpect of the  noftial. Cree, 
given: And his Place, in reſpeck of the Ecli 7 * Circle, is 1& 


— — 


XXI. 
Nn. 


Aſcenſion; becauſe his Place given was in the Firſt Oua- 


| . M. 
the Sun's! 1d. of Leo, in Quad. 2. Ve El 14 


3. For the Angle of the Sun's Poſition ON By . III. of N. 
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I. By the Catleſtial Globe. 


Fig. Example. Let the Sun's Right Aſcenſion be 303 d. 14 m. 

b | XXVII. his Declination 20 d. Southward : And let his Loni 

| XXVIII. (or Place in the Ec/iprick) be required. 

; . Sount 303 d. 14 m. the: Right Aſcenſion given, upon the 

; Jui noclial Circle, from the Vernal. Æquinoctial Point Aries 
—_— and bring that Point to the graduated Side of the Br, wlll 
$4 i} ridian: Then will the Bra Meridian cut the Eclipticꝶ (i 
1 in 1 d. of Aquarius æ, and in that Sign and Degree the du 

| at Noon, when his Right Aſcenſion is 303 A. 14 . * 
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But to find his Elace by his Declination, Count 20 d. (the 
clination given) upon the -Braſs Meridian, downwards town 
the South Pole (becauſe the Declination given was Souther 
and turn the Body of the G/obe about till 20 d. of the Meri 
do cut the Ec/prick Cirele; which it will do in Two Points, 5 
One in 29 d. of Scorpio m, in the third Quadrant; and | 
other in 1 d. of Aquarius x., in the fourth Quadrant; in. u 
which Points the Sun being, he hath, 20 d. of South Declinui 
and which of thoſe Points you ſeek is determined by the 
grees of Right Aſcenſion given, as here 303 d. 14 m. and 
Globe being in this Poſition, will ſign out the ſame Triang 
mentioned in the foregoing Problem. 
7 Wes II. By Trigonometrical Calculation. 
Conſider the Quadrant of the Ecliprick in which the Sun 
(which the Degrees of Right Aſcenſion given, will determin 
and in this Example will be the fourth Quadrant: Butt 
given Declination is indifferent in all the Four 2uadrants. 
;  Wheretore, in the Triangle RF ©. © 
- 1. The Angle at Y or , 23 d. 3 1 m. the qu 
greateſt Dechination. „ 
2. The Side RO, the Sun's preſent Declinut 
20 d. And allo either of the other Sides l 


There is given, 
beſides the 


Right Angle (er RS) an Art of the Equator, to be 
* + — 2 
8 t 


RR. Degrees of Right Aſcenſion given. 


\ 
- TK 
5 1 4 L 
'< . 43 * 
A, 


* 3 
% 


ſonic P wade. 5 


The Side © Y (or © =) the Sun's Diftance in Egg. 
the Ecliptick Circle; from the neareſt gui. XXVI, 
naclial Point, from which Point the Lonęi- XXVII. 
} tude required. i is to be numbred upon the Ow 9 
„„ Corcle.” 
80 the Right Aſcenſion 303 "wh 14 m. Siren, it being in the 

Fourth Wadrant, will give in the E 8 8 1d. of I" i 
7 ius ws 


1 14 m. 
> Log d there is 


equlred 


pon the! 
Aries 
Braſs | 
Pick (ir 


the. Iu | he Cory for- Calculation. 


4, (cke \ 1. By the Right Aſcenſi ion given. — 

rds toni rne Right Aſcenſion given bein 303 d. 14 m. are found in 
South Fourth Quadrant, and' therefore muſt be ſubſtraced from 
e Meru o d. and the Remainder will be 56 d. 46 m. which muſt 
Points, I made. uſe of in the Calculation, inſtead of: 303 d. 14 m. 
; and ie then in the Triangle = OR, . | 
5 in. 0 | 2 

Delia 1. By the Right Afeenſi fon given. 


y the) 
1. And [ 
_Eriangh 


61 Tang of the Side = R, 56 a. 46 m. the Right Men: „ 
8 5 

Is to the Sine of 90 d. or Radius: 

i the Co- ſine of the Angle at = 66 d. 29 m. 

To the Co- tangent of = ©, 59 d. oo m. Sun' 8 Longitude. . 

Now, . becauſe the Right Aſcenſic on given was in the Fourth 
Quadrant, the Longitude 56 d. 46 m. thus found, muſt be . 

in the Fourth Ruadrant alſo, which will be in x d. of Au · 

rius . 


the Sum 
determin 
ö But f 


115. Th "a. By the Declination given. 6 
J the Sine of the Sun's greateſt Declination, 23 d. 3 I m. | the 
the . Angle at =. 

f Is to the Sine of the Side & R, 20 d. the Sars > aſs De- 
Declinati clination given 
Sides is the Radius, Sine 90 * 
o be ui Jo the Sine of the Side 5 O, 59 d. «from Libra . 
int, wind being in the Fourth Quadrant, it Sides the Longitude of. - 


the Sun to be 1 in 1 d. i ſt per, 48 ie ; 
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5 PRO B. . 8 
The Latirads of the Place, 51 d. 30m. pi 2s our. Play 
- the Ecliptick, 29 d. of Taurus, 000" 7o oi q 
1. The Sun's Declination. Ne 5 i 
2. The Sun's Amplitude. } OT 
3. Ihe Hour from Midnight or Acenfional. Diſrenc 
4. The Time ot the Sun's Riſing and Setting. 

5. The Lenz the Day and Night. 
6. The Angie 2 f the Sun's + Poſition at the time * bat 


fing or Setting, e 
. I. By the Celeſtial Globe. 


_ the 29 d. of Taurus to the Broſs Meridian, ad 
# find 29 of Taurw'to lye under 20 d. of the In 
an, 24 that is the Sun's Dec/ination North, the Sun being 
a Northern Sign. Then, ſet the Index of the Baie t 
South 12, and turn the Body of the Globe Eaſtward, till 2 
of Taurus do juſt touch the Horizon, and there fix it. 
ſhall you find 29 d. of Taurus to cut the Horizon in 3 
18 m. counted from the Eaſt, which is the plitude c 
Suns Riſing from the true Eaſt Point of the Horizon Na 
ward: And alſo, the Index o the Hour- Nheel, will point! 
11 m. after 4 in the Morning, at which time the. Sun Ri 
And if you turn the Body of the Globe about Welſh 
till 29 d. of Taurus doth . the Weſt Side of the Hoi 
then ſhall the Index point at 49 m. after 7 at Night, at 
Time the Sun Sertetb. | 
Again, Tum the Globe about, ll 29 d. of Taurus h 
the aft Side of the Hort aon (as before and Tet the Ida 
the Hour. Circle to the North (or un ) 12: And i 
turning it Weſtward till 29 d. of Taurus touch the Horizn 
the Weſt Side; and then fhall the Index point at 3 ho. 30 
more than * Hoars, k dom 1 South 72: De 
the en 15 ho. and 38 m. Long. u > 
the Raum between the North 12 and the Index, you bal! 
them to be 8 ho. and 22 m. and that is the Lengebof the Ny 
And then, for the Angle of the Sun's Po/7 ron, that is 
found, as is directed in the 24th Element, and in the Pri 
to this Second. . and will be found to be 56 d. 23 m. 
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The Globe being in 1 this Poſition, ns, is repreſented -upon 
ze Superficies of it a Spherical Triangle P © O, as in 
penn of the Arches of ſuch Great Circles of the 
ate ingredient in the Pro 855 tion, 
e Braſs Meridian; of © O, an Arch of the Horizon and 
P O, an Arch of that Meridian, which cutteth the Eclip- 
> in "that Point in which the Sun is. —And i in this Triangle, 
ge Angle PO O is a Right Angle © O, is the Hour from 
lidnight : And the Angle PO 6, is the Angle of Po/irion made 
the Meridian and Horizon, at the time of the Sun Riſing. 


II. By Trigonometrical Calculation. 5 
In the Triangle P O O, you have given, (beſides the Rh? 


Sphere, 


nle at O). (I.) The Hypotenuſe P O, the Complement of 


e Sun's Declination, (70 d.) (2.) The Per 
atitude 51 d. 30 m. —To find, (1.) The 

mplitude at his Riſing. (2.): T Angle O O, the Hour from 
lilnigbt: And, (3.) The Angle P©U; the Angle of the * 
jr at his Ri. 


The Canons for an 


1. For the Amplitude, © O. By Caſe VI. of R. 4.8. 7. 
s the Co · ſine of PO, (the Latitude) 38 d. 30m. 5 
Is to the Radius, 90 * | 
p is the Co-fine of P ©, (the Sun's Declination) 20d. 
To the Co-fine of © O, (the 1 33 d. 20m. 
Which is equal to the Arch of the Horizon. Or ©, which 
is the Amplitude of his Riſing from the Eaſt 
ward, becauſe the Sun was in a Northern Sign: For if 
he had been in a Southern Sign, as in 59 d. of Scorpio, 
the Amplitude would have been the ſame, but from the 
Eaſt Southward,. 
2. For the Hour from Midnight © PO. By Caſe v. of R. A. $. 5 


the Radius, 
Is to the Tangent of PO (che Latitude) 51 d. 


ndicular PO, the 


30 m. 


ois the Co. tangent of Þ © (rhe Sun's. Diſtance lic the role 


20 d. 
To the Co-fine of OP O (th Hor from Six) 27 d. 14 m. 
Whoſe Complement, 62 d. 46 m. is the Hour from Midnight, 
which turned into Time, by. allowing 15d. for 1 h. and 4 d. 
for 1 m. of Time) 
Hour from 1 3 


viz. Of P O, an Arch of 


aſe © O, the Sun's 


*North- | 


makes 4h. and 11 m. Which is the 
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XXIX. 4 The Hours from Mrdnighr, 4 h. whos min. ſubltrated | ou 


** + Mothematics, 
3. For hs e Aen. onal Difference. | 


there remains 1 h. 49 m. which is. the Aſcenſional Differy 
Or, The Time that the Sun Riſes before Six i in the an . 
after Six in the inter. 


4. and 5. For the Time of the Sun's Rift ing and Setting, u 
(conſequently) the Length of the Day and Night, 


The Aſcenſional Difference, 1 h. 49 m. being added to 6 
gives 7 h. 49 m. for the Semidiur nal Ark in Summer; or ſubtr 
ed from 6 h. gives 4 h. 11 m. for the Semidiurnal Ark} in j 
Jer. 

The Semidiurnal Ark, - h. 49m. ſubſtracted from 12 b. tha 
remains 4 h. 11 m. for the time of the Sans Riſing - And th 
ſubſtracted from 12 B. leaves 7 h. 49 m. for the time of f 
Sun's Setting. And, 

The Semidiurnal Ark, 7 h. 49 m: doubled, gives 15 h. 8 
for the Length of the Day: —And 15 h. TY m. ſubſtracted fi 
24 h. there will remain 8 h. 22 m. for the Length of the Val. 


6. For the Angle P © O, of the Sun's Paſition, at the t in 
of his Ri/ing. By Caſe IV. of R. A. F. T. 


As the Sine of F & (the C! o-Declination) 70 d. 
Is to the Radius: EY 
So is the Sine of P O (the Latitude) 51 d. 30 m. LEES, 
To the Sine of P © O (the Angle of Poftion- at the * | 


Jing) 56d. 23 m. 
F R O B. IV. 


Jo find * Sure s Meridian Altitude, and bis e at Mi 
night, he being in any Point of the Ecl iptick. 


ET the Place of the Sun be the ſame, as in the fame: 
UB Problem, vis. in 29 d. of Taurus. Then, „„ 


I. By the Cœleſtial Globe. 


Turn the Globe about, till the 29 d. of Tazr be juſt un 
the Meridian; then ſhall you find the Number of een of i 
Meridian, which are comprehended between that Point and d 
Horizon to be 58 d. 30 m. which is the Meridian Altitude. I. 
if you wing the 29 d. of Ser pis, which is the e Point 


>. 


N " R * 9 hs * * 1 9 . * 1 a * oY "—_ 
oO | Aftronomical Problems. 1 * -. 
from offi £-p1ick in which the Sur is, to the Meridian, the Number Fr. 
Different the Degrees of the Meridian between that Point and the Hori- XX I&. 
mmer n will be found to be 18 d. 30 m. which is the Sun's D. 
” 22MM; ] O ae 0 
ad to « | _» (16 oo QY You ſhall (54 36) . (22 24 .F 
1 fad hen the ) 25 00 N find the J19 25 (And the) 57 25 % 
1X un is in) 29 o , Meridian) 26 38 Depreſ.) 50 22 5 
e 13-00 Y) Altitude. (43 39) (33 21 | 
12 b. tha P R O B. V. 
And 1 | ee 6 a 
me of th To n ben Twilight Begins and Ende. 
5 h. 380 Wilight begins, when the Sun is 18 d. below the Horizon be- . 
ted fra fore its R7/ing : And endeth, when the Sun cometh to be 18 d. 
he Nig; elow the Horizon, after its Setting. e 5 
- the me The Globe Rectified, and the Sun in 29 d. of Taurus, find the 
i ppoſite Point thereunto, which is the 29 d. of Scorpio; and bring 
hat Point, as alſo the Quadrant of Altitude, both of them on 
he Weſt- ſide of the Meridian; and then move both the Body 
ff the Globe, and the Quadrant of Altitude allo, till the 29 d. of . 


Scorpio lye directly under 18 d. of the Quadrant of Altitude: 
hich done, keep them both together, and then ſee how many 
ours the Index is removed from 12, which you fhall find to 
be 1 h. and 8 m. So that Truilight begins at 8 m. after 1 in the 
Morning. And this being taken from 4 h. 11 m. the time of 
the Sun's Riſing that Day, there will remain 3 h. 3 m. which is 


time of the beg | 
length of dark Night, which will be but 2 h. 16 m. 
In like manner, if you would know when the Twilight endeth 


Oppoſite to the San) on the Eaſt-fide of the Meridian, making it, 


aſt uu and 18 d. of the Quadrant of Altitude, to meet, then the Index 

es of will ſhew 10 h. 52 m. and till that tne of Night doth Twilight 

and continue. 55 5555 e 

de. 1 . | 5 „ ST 
e 


the Length or Continuance of the Twilight. Alſo if you double the 
inning of Twilight 1 h. 8 m. you ſhall have the 


after Sun. ſetting, you muſt bring the 29 d. of Scorpio (the Point 


HM. 


D: 

29 S) \ 5 11 50) 

8 2( Day- break e 6 80651 
2 =( will beach 4 6 7 54 2 
„„ £2 41 9 19) % 


And if you go about to find the time of the beginning and end 
of Twilight, all the Time that S»7 is paſſing from 2 d. of Gen. 
ni to 30d. of Cancer, which is from about the x2th of H 
the 12th of July, you ſhall find that there will be no Twilight: 

all, but all that Time continual Day: For all that Space 9 
Time the Sun never deſcendeth ſo much as 18 d. under the Hi 
rison, in the Latitude of 51 d. 30 m. 1 

The former of theſe Two laſt Problems eth no Trigon 
metrical Calculation: But, if to the Sun's Declination for ti 
Day (or Place of the Sum) given, 20 d. you add the Compk 
ment of the Latitude given, 38 d. 30 m. the Sum of them 584 
30 m. is the Meridian Altitude for that Day that the Sun igit 
58 d. of Taurus. 

But if the Sun had been in 29 d. of Scorpio, a Southern 89 

then the Declination 20 d. ſubſtracted from 38 d. 30 m. the Com 
plement of the Latitude, the Remainder 18 d. 30 m. will be it 
Meridian Altitude. 

For the Depreſſion of the Sun, he being upon the Meridian 1 
Midnight, it is the ſame. with the Meridian Altitude, when the 
Sun is in the oppoſite Sign. 1 

Wo the Depreſſion at Midnight when the Sun is in 

29 d. of Taurus, "Ls d. 30 m. 

29 d. of derer 58 d. 30 m. 
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Aſtronomical Priblems. 
5 5 of IV ERUM : 
8( n, Latitude of Place, and the Sun's Place in rhe Ecliptick (ard. 
54 (4 conſequently bis Declination) en; D 
1998 1. What Altitude the Sun ſhall have at Six a Clock. 
and of 2. What Azimuth he will be upon, at Six a Clock, Morning or 
70 IJ... 8 „ be 
* May 3. The oy of the Sun's Poſition, made bythe Interſection 
ilieht 1 of the Vertical Circle, and the Meridian which paſſes by 
Space d the Sun at the time of the Queſtion, 
the f LL theſe Problems are only in uſe, when Sun is in a Nor- 
Tia thern Sien, and fo hath Nortb Declination : For the Sum is 
| 101 e erer above the Horizon (in either of the Temperate Zones) when 
Comb he is in a Southern Sign, ot hath South Decli nation. 3 
em 584 I. By the Ccœleſtfal Globe. | 7 
Sun Bü 1. For the A/titzde at Six. Bring the 29 d. of Taurus to the 
8 eridian, and ſet the Index of the Hour-Circle to 12; then turn 
bee de G/obe Eaſtward, till the Index of the Hour. Circle come juſt 
11 þ mo Six a Clock: Then holding the G/obe there, lay the Quadrant 
ill de tik F Altitude uſt over the 29d. of Taurus, and there you ſhall 
ride Wind it to cut 15 d. 30 m. of the Quadrant. And ſuch Alrriude - 
ay wy all the Sun have at Six a Clock in the Morning, and the ſame 
nen weht Six at Night. 1 e 
| 1 Ane. 3-44 —— 
1D: 080, 5 poi 3. -- BEAM 
| ̃ (16 oo K ) The Sans A/titudeC12 32 
When the Sun is 5 . 5 at Six will be : 
A DE | (iz oo ) found tobe 1 
2. For the Azimuth at Six. Bring the 29 of Taurm to the Me- 
idian, and ſet the Index of the Hour - heel to 12; then move 
he Globe till the Index lye upon Six; and holding the G/obe 
ere, lay the Quadrant of Altitude juſt over 29 d. Tauris: Then 
R O B. hall you find, that there are 77 d. 14 m. of the Horizon con- 


ained between the Inter ſection of the North Part of the Meri- 
lian, and the Quadrant of Altitudr, which is the Aaimutb from 
he North; or 12 d. 46 m. from the Eaſt, which is the Azr- 
1h from the Eaſt, or 102 d. 45 m. from the South, which is 
s Auth therefrom. ; 8 "7 RF > 
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I0o find, 1 The Spree 
Sun's Altitude at Six. 652 he Angle. © Z P, the Sun's 42 
(3 


- 
' . 


Ancilla 77 athenatica. 
In like manner, WS. 


Fg 


(16 o A. The Sur's Azi- (North Eaſt or Weſt, 
| S will 79 49] 10 1 


Sun in 


13 0 Y from the (86 471 3 13 
85 II. By Trigonometrical Calculation. 
The Globe being in this Poſition, you may diſcover upon the 


Superficies thereof a Spherical Triangle, ſuch as in the Figure, i 


noted with Z P ©; in which, Z P is an Arch of the Merida 
P © an Arch of the Hour. Circle of Six, and Z O an Arch of 10 
Azimuth, or Vertical Circle : In which .Triang/e there is give, 
( befides 'the Right Angle at P). (1.) The Perpendicular Z 5 
38 d. 30 m. equal to the Complement of the Larirude. (2. ) The 
Baſe © P, 70 d. equal to the Com 8 of the Sun's Declination: 

©, the Complement of the 


muth at Six a Clock: 2 © of hs angle of the Sun's th 


ſition, 


The Canons for Calculation. 


1. For the Hypotenuſe Z. O, (the Complement of the Sun's 4 
 - ritude at Six) by Caſe XIV. of R. ä 


As the Radius, 
Is to the Co- ſine of Z P, 51d. 30 m. 
So is the Co- ſine of OP, „ 
To the Sine of 15 d. 32 m. (the Complement of Z ©) = 
And ſuch Altitude the Sun will have, at Six a Clock, (Moni 
or Evening) when he is in 29 d. of Taurms. | 


2. For the Angle P Z. ©, the Sun's Azimuth at Six 4 Clod 
by Caſe Nl. nn 


As the Tangent of O (the Co-De clinat jon) 70d. 


Is to the Radius = 
So is the Sine of Z P (the CoLatitude) 38 d. 30 m. 


Io the Tangent of 12 d. 46 m. 


Whoſe Complement 77 d. 14 m. is the Angle © 2 P, thi 
Sun's Azimuth from the North "_ of the Aeridian. 
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13 
1pon the I wing the Latitude, 5 1 d. 30 n. the Sun's Place, 59 of Tau- 
gure, ; cus, (or Declination 20 d.) Given, as in the foregoing Problem; i 
Leridian, To find, 6 | 32 * 
ch of u 1. At what Hour the Sun Hall be upon the Eaſt or Weſt + 
S given, Aiman. : 99D. 
Ir Z}, 2. What Altitude the Sun ſhall have when be is upon the Eaſt 
2.) The or Weſt Azimuth © — Ig 
ination: 3. The Angle of the Sun's Poſition. 
Fog 5 I. By the Cœleſtial Globe. | 
un's PMID Ring the 29 d. of Taurus to the Meridian, and the Index to 
| 12 of the Clock. Alſo bring the beginning of the Degrees of 
the Quadrant of Altitude to the Eaſt Point of the Horizon, and 
„„am the Globe about till the 29 d. of Taurs do touch the De- 
uns & rees of the Quadrant of Altitude; then ſhall the Index point at 
7 m. paſt Seven; at which time, in the Morning, will the Sun 
be exactly upon the Eaft Azimuth, or Point of the Compaſs. 
Naa if you carry the Quadrant of Altitude to the Weſt Point of 
| he Horizon, and turn the Globe about till 29.d; of Taurus touch 
Jobe edge of Degrees thereof, the Howr-Index will point at Four 
Mornig f the Clock, and 53 m. at which timę, in the Afternoon, will 
J] ee sun be upon the Weſt Azimuth or Foint of the Compaſs. 
2 Cloch [n the ſame manner, © Y 1 
7 TJ ne A 
ben ne 16 oo & It will (6 57) F 03. 
| Then hed "op. 08 toes : 2 ar us 
Pn 5 mn, 13 oo Y Eaſt at C6 175 5 43 
Then for the Sun's Altitude when he will be upon the Eaſt or | 
Wet a | 3 


Bring 29 d. of Tauris to the Meridian, and the Quadrant Al. 
itude to the Eaſt or Weſt Points of the Horison: Then * 3 
6 1 1 Dh. | 5 4 a p 
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upon the Eaſt or Weſt Azimurh, , _ 


Is to the Tangent of Z P, 3x d. 30 m. 
To the Co- ſine of Z P ©, 73 d. 10 m. 


Ancilla Mathematica. ] . 4 
Globe about, till the 29 d. of Tauris touch the Quadrant of 41 
titude, and you ſhall find it to touch at 25 d. 55 m. of the 9, 
drant of Altitude; and ſuch Altitude hath the Sun, when bei 


In like manner, 5 99 5 
B 1 „ 
4 (16 oo Qy its Altitude, when (20 19 
Wo he} 0 Eaſt or Weſt, will = 
, . <6. 26 


. II. By Trigonometrical Calculation = 
The Globe being in any of the former Pofirions, you will fil 
repreſented upon the Superficies of it a Spherical Triangle, ZP 
(ſuch as in the Figure) . Righr-angled at Z, which is comp 
{ed of Z. P, an Arch of the Braſs Meridian, equal to the Conyl; 
ment of the Latitude 38d. 30 m. Z. ©, an Arch of the 9. 
drant of Altitude: And of PS, an Arch of that Meridian (d 
Hour-Circle) which-cutteth the Ecliptick in the Place the Sun! 


in. —And in this Triangle there is given (beſides the Right Amy 
at Z, (1.) The Perpendicular PA, the Complement of the Li 


tude 38 d. 30 m. (2.) The Hypotenuſe P ©, the Complements 
the Sun's Declination 70 d. To find, (1.) The Angle Z P g 
the Hour at which the Sun will be upon the Eaſt or Weſt Azinuj; 
(2.) The Side Z. O, the Complement of the Altitude he {hall tha 
have: And, (3.) The Angle Z OP of his Paſition. 
EE, 1 I )be Canons for Calculation. „„ 
1. For the Angle Z P O, (the Hour from Noon, that the Su 
will be due Eaſt or Weft;, by Caſe V. of R. A. S. I. 
r e 
So is the Co tangent of P O, 20d. — 
Which converted into Time, is 4 h. 53 m. Whoſe e 


| og h. 7 m. at which Time the Sun will be due EAI « 
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2, por 5 Bale 2 ©: 110 ech 3 of 5 Sun O 45 


: the Co- ſine of Z P, (the Co-Latitude) 51 d. 30 m. | 
To the Radius: _ 3 
- is the Co-fine of P © (the Declination) nn 


A. To the Co- ſine of Z. © (the Altitude) 25 d. 55 m. p 
19 And that is the Sun's Altitude. 8 
36 3. For the Angle Z © P, of Poſition : - By a w. 5 
"the Sine of P O, 1 1 
5 To the Radius: | PFF 
will fat Sine Z P, 38 d. 30 m. 2 e  _ 
„ Ze To the Sine of Z O f, 41 d. 29 m. e 
i compy Which is the Angle of Poſition, i | = 4 (= N 
NN r 5 
ſhe N. 85 R O B. VIII. * 4. 195 
Lan 
he mw | he | Latitude of 155 ee the Sun's Place in the Ecliprick 7 or 
obt A *'* Declination) being given, to Lg 
he Lt. 1. What. Altitude the Sun by fat all have at ay tome of the Day. 
enen 2. Chat Azimuth he ſhell then have. And, i | | 
20 3. The Suns Angle 7 Poſition. 
Azinuth 1 the Latitude given be 51 d 30 m. North the Saxe NOR 
ball tail; 70 Ecliptick 29 d. of Taurus, (and ſo bis De eclination 20 d. ) 
And let the Hour be 9 in the Morning, or 3 in * Afternoon. 
5 I. By the Cœleſtial Globe. 
t the zu Ring the 29 d. of Tauris to the Meridian, and fir the 8 
# 8) 1:d:x to 12 a Clock. Then turn about 'the Globe, till the 
ur. Index point to the giv iven Hour, (ſuppoſe 9 in the Morning, 
3 in the Afternoon: ). There keep the Globe ; and laying the 
adrant of Altitude over the 29 d. of Taurus, Fay ſhall 
_ WC 43 d. cot thereby; and ſuch Altitude ſhall the have 
Compt. o in the Morning, or 3 in the Afternoon. * And at the fame 
Ie 0 ae you will find the Ppadratit F Altitude to cut the Ho- 
en in 24 d. 37 m. counted from the _ 4 or Weſt Points 
2 and ſuch Azimuth will, the San have at 9 a Clock 
£ 7:6 he Morning, or 3 in the Afternoon, when he is in 29 d. of 
+. And by this Problem the Sun's Altitudes in any Sign or 
2. Fe gtee of the cliptick at all Hours may be found, as in theſe 


owing Synopſis or r Tables. | 
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Theſe Tables © 5 of good 1 f for 5 maki 
uadrants, and other Inftruments, that 
muth by the height of the Sun, and 
and other W of the a 1 Azimulhs wa un. Bi. 
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": JL By Trigonometrical Calculation. 
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given, 


ue Spherical Triangle Z 
© by the Interſections of Z P | 
an Arch of the Braſs Meridian, Z. ©, a Part of the Lale XK, 

of Altitude: And. of P ©, an Arch of a Meridian, paſſing 
through che 29 d. of Taurus in the U or Har rel | 
of 9 or 3 a Cloe 
In which Triangle there is 


z of Onur, 
our and 3 ; 
{o to inſert the Trop 


The Globe continuing -in the fame Poſition you left it you - 
may diſcover upon it an Oblig 2 b 0 
(as in the Figure) . conſtitute 


1. The Side Z P, (the Complemeinof the Lande 38 4 


30 m. 
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2. The Side P © 50 „„ of the © San. $ 5 Declinatin 
or his Diſtance from the Pole) 70d. | 
3. The Auge Z P O, (che Hour: Circle of 9 or 3 a a Clo 


d. 
18 10 find, 5 
1. The Side Z © cthe Complement of the Sun 8 FIVE 
2. The Angle © Z P, (the Sun's Azimuth from the North 
Part of So Meridian. ) 
3, The Angle r <5 Eee, 


The Canons for Calculation. 
By Caſe III. and Cafe IX. of O. A; S. Tr 


(1) As the Sine of half the Sum of the Two given Sits 
Z P, 38 d. 30 m. and P © 70, viz. 54 d. 15m. 
Is to the Sine of half the Difference of thoſe Sides, 2 


15 d. 54 m. 
So is the Co- tangent of half the given Angle, 2 P ©, vis DW2 
dem te F 
To the . of half the 8 of the unknown n Argh 4 
at Z and O, vis. 38 d. 48-0." . : an 
Then a aſt, 
7 (2 5 As the Co-fine of half the Sum of the” given Sides Z P a 2INO 
vis. 35d. 45 m. * he I 
Js to tothe Go Co fe of half the Difference of thoſe Sides, 2 Jy 
{8 I: 7 4. 15 m _ 
=_ So is the Co tangent of half the given. Angle b Po, viz. 22 in 
3 30 m. 


To the Tangent of half the Sum of the Two unknown: Ang 
bt ws aha ara, viz. 75 d. 49 m. F 
. | Then, Sts 'D. A 

The half Sum before found is e oe 2 
The half Difference before found is 38 f 


The Sum of them is 3 114 3 

The Difference of them is 27 

The one equal to the greater Angle @ Z P 1 14-37, which i 

| the Sun's Azimuth from the North Part of the Meridian: Fro 

F the South Part 65 d. 23 m. and from the Eaſt or Weſt 24 d. 371 

Ihe other, equal to the leſſer Angle Z © * 7 d. Im. which 
is the _ of ow Sun 20 wm ſtion. | 
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deen onopic . 4 ee, a 
ROB. n 


 Ecliptick (29 d. of Taurus; or 29d. of North Declination) and 
the Sun's Altitude (12 d. Ty being given; To find, - 
1. The Sun's Azimuth, from the Eaft, Weſt, North or South 
'* Points of the Horizon: 
2. The Hour of the Day, from Noon or Midnight, | 
” * Angle of the Sun's Poſition. | | 


I. By the Celleftial Globe. 
1. For the Sun $ Azimuth. 


H E Globe being ReQtified, Ec. and the Quadrant of Abitude 
fixed, and brought to the Horizon, turn 29 d. of Taurus 
ward the Eaſt, if in the Mornigg; or towards the ft, if in 
de Evening, till it come to lye Jult under 12 d. of the Quadrant 


ant of Altitude refteth; which will 
ft, if in the Morning; or 17 d. 8 m. from the Weſt, if in the Af- 
noon, Which is the Azimuth from the Eft or Weſt. towards 
ie North, And this Azimuth, if reckoned by 'the Points of the - * 
Lompaſs upon the Horizon, will be E. by N. 5d. 35 m. North- 
ard, if in the Morning; or V. by N. 5 d. 53 m. Northward, 
in the Evening; when the Sun is in 29d. of Taurus, and bath 
2 d. of Altitude, Now if you count the Degrees of the Hori. 
on between the Quadrant of Altitude, and the North Fart of 
he Meridian zou ſhall find them to be 72 d. 52 m. which 
the AZi nu krom the North: And if you count” them from 


e South Part of the Meridian, you ſhall find them to be 107 d. 
5 n. which | is the . from the South. 

. In. like e on 885 
3 e 1 Da "M.. 
oe The Latitude. * 7 1 ops,” 
ch »The Sans Place © N . 4 60 Aquari 
Fron The Suns Altitude. 12 00 = : 
3 Then will the Azimuth be. found to bs 56 d. from the Eg 


Weft, towards the Sourb; which (by the Points of the Com- 
aſs upon the Horizon) will appear to be S. E. by >. tt in the 
_ or 8. W. Tr if in IO” 8 


— 


2. het 


- Ladle of the Place 651 d. 30 1.) Jo Suns Place in * 36 


F Altitude ; and then note at Ae De beer in _ "C6 on Qua- 
at 17 m. from te 


—_— 


Fg. 2 2. Fir the Hour of the Day. 1 
W. Bag 25 4. of Tapas to the Meridian, and ſet the Ind 
12 a Clock: Then, if it be in the Forenoon, ſet the Quade 
of Altitude on the Eaft Side of the Meridian; but on te 
Side, if it be in the Afternoon. And tum the Globe about, .f 
the 29 d. of Tauris meet with 12 d. of the Nuadſram 9 A, 
tude; and then ſhall the Index of the Howr-Circle- point 41 
RO Clock, and 36 m. if it be in the Morning; or at zam ah ; 

6 of the Clock, if it be at Night. And that! is the true: Hoy 


of the 5 


In like manner, e 

8 e 6 
The 1 being rugs ? FOR C3: 30 FI = 
OB. 17, AA 5 05 Tuuru. | 


The Altitude 36 
Then will the Hour of 8 Day be found to be. Aber 0 in y 
Morning, or 3 in the Afternoon. And which of theſe Hod 

is, may beſt be known. by a ſecond Obſervation of the A 

For it the Altitude do N it is the F orenoon 3 but 1 i 


—— it 18 the Afternoon. 


The Let bens - 12 dot: 
2 The Sums Place in the W 0 Taurus. 2 
„% te Sus Altitude 25 56 


The Hour of the Day would be found tobe either 8 m. "at 
de Afternoon. Or if it were in the Fotenoon . 52 m. "of 
in the Moming. 1 

3 90! For the Angle f the Sun's Poſh & 1 9 
This may be found by the 26th Element, and as is taught 

"ah Prœme before this Sen ur = And in this run ef 
be TO. de 39 d. 16 m. 8 1 
| II. By die dene Calllation! 7 


85. - The Globe refting/ in the ſame Poſition \ ou left 5 
XXIII. 3 theſe Problems upon it, you will diſcover u — 
Obligus- ang led Sx erical Tiungle, (ſuch wh in the Frewre, 11 je 
with 420 P: Which Triangle confiſts (1.) LB, an 
the Braſs Meridian, equal to the Complement of the ie 
Tude, 7 30 m. 909 Of 2 N an 12 of the & 


* 
, 
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. 
. 
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Fag. 


. ; 


From F. 


e We 


link, crofling the Ecliprick in 29 d. of Tau where OD 
Sun is 12 d. high, and is equal to the Complement of the Sun's 
Altitude 7 8 d. (3) An Arch of a Meridian (or Hour- Circle) 


dront of Altitude in 12 d. thereof, and Is equal to the Comple- 
ent of the Sun's Declination (or his Diſtance from the Pole) 


e Three Angles are Required. 
„ The Canons for Chlcatation.” Es 
. For the Sun's Azimuth, the - © Z P. "ul 2 IX. 


2 


Fr, | ö 
ip. | 2 
b - Iv 
24 
9 . 
* 


P ©, paſſing through 29 d. of Trurus, and croffing the Q. 


70 d. So that the Three Sides of this Treang/c are Groen, and 


of 0. 4. bY 7. 
; et 3 
. The Side © - the e % 
The Side O 3 the Nee N 1, 1947 OD - 
The Side Z 0 "the Ceiatttude, ?: e 
1 Their n lt 27 nr 0 
Their half Sam is | 15 


The Difference between the half Sum, and 70 d. OP 23 IS 
| ing thus Propgeed) the en are, 

74 As the Radius, Sinę 90 d 

to the Sine of ZP (one of the Sides containing the enqui- 
ted Angle Z) 38 d. 30 m. 
80 is the Sine of Z © (the onde Side containing the quired 
Angle Z) 78 d. | 
To the Sine of 37 d. 1m. | e | 
2.) As this Sine of 37d. 31 m. 
Is to the Sine of the helf Sau, 93 d. 15 m. Fm 86 d. 45 5m) 
$0 is the Sine of the Difference, 23 d. I5 m. 

| To the Sine of 40 d. 20m. 

3.) To this Sine of 40 d. 20 m. add the Radius, alt it will be 
19.811063; the half whereof 9.905531 is the Sine of 
53 d. 34 m. 9 Com . 36 d. 26 m. doubled, 

makes 72 d. 52 m. 

ZP: Or 2 Sans gp Pk from the North Part of 

the Meridian. And that taken from 90 d. leaves 17 d. 8 m. 
for the Sun's Azimuth from the Eaſt or Weſt. And that ad- 


t is the Quantity of the Angle . 


died to god, gives 107 d. 8 m. for the Sun's Azimwh from | 


| the South. 
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laid upon the bright Star Mo Quadrant ſhall cut 77 d. 16 m. of 


N : MOL LOA 
2 e 


Anci Id 515 anke | 


2. "Tor it the Hour, the Angle Z P ©. By Gel. of 0.4 
8 ; 


As the Sine of the Side PO (70 d.) | 
Is to the Sine of the Ag * 2 b. 0 d. 52 m) 
80 is the Sine of the Side Z © (78 d.) 2 


To the Sine of the Ang/e Z. P ©, (84 d. 
And that is the Hour, counted 8 5 Nirth Part of t 


Meridian (which in Time is 5 h. 36 m. that is, 36n 
after 5 in the Morning, or 95 d. 53 m. (or 6 h. 24 m 
from the South. : 


3. For the Angle Z © F, the mg of Poſition, By C, 
I. 


As the Sine of the Side PO, (70 d.) 
Is to the Sine of the Angle ©ZP, (724d. 32 m. 
So is the Sine of Z P, (38 d. 30 m.) 5 5 
To the Sine of the Age Z © P, 39d. 16 m. 
Which i 18 the Angle of the Sun's Poſition. 


PR 0 B. * i. 
Ts find the Longitude and Latitude 14 any Star. 5 


T HE Longitude of any Star is an Arch of the Ectipritk 

contained between the beginnin g of Aries, and the Interſe 
Cion of an Arch of a great Circle, which paſſeth through bo 
2 Poles of the Ecliprick, and alſo through: the Body of tha 
tar. 

The Latitude of a Star is that Part of an Arch of a great Ci 
cle, which paſſeth through both the Poles of the Ecliptich, au 
through the Body of the Star, and is contained between the 
Ecliptic Line and that Star. 

I. For the Longitude ©, Skrew the Spotrant of Altitude over thu 
Pole of the Ecliptichk which is neareſt to the Star, whoſe Lor 
2:tude you ſeek. Then laying the Quadrant juſt over the Centre df 
the Star, look what Degrees of the Ec/iprrck, are cut by the (count 
ing them from the beginning of Aries) Quadrant of Altitude, and 
thoſe Degrees are the Degrees of the Stars Longitude. So the L. 
grant of Altitude skrewed over the North Pole of the Ecliprick, and 


the 


Aſtrondmical Problems. 
e Ecliptick Circle, counted from the beginning of Aries; and 
gat is that Star's Longitude, "IE . 
Note, That the Poles of the Eclipticꝶ are diſtant from the Poles 

of the World 23 d. on either fide. LY | 

For the Latitude, the Quadrant fitted as before, and laid over 
e Centre of Capella, the Star ſhall cut 22 d. 50 m. of the 
wadrant of Altitude; and ſuch is the Latitude of that Star, 
vrth, for that it lyes on the North Side of the Ecliprick Line. 
This needs no Trigonometrical Calculation. 


5 non XE 
To find the Right Aſcenſion and Declination of a Star. = 


F th 
6M, 
m 


a 


dial, which is contained between the beginning of Aries, 
id that Point which comes to the Meridian with that Star. 


between the Æguinodlial and any Star. 
For the Right Aſcenſion, (the Globe being rectified) bring Ca- 


leridian; and that is the Right Aſcenſion of Capella. 


this manner you may find the Longitude, Latitude, Right 


lobe, as in this following Table of the principal Fixed Stars 
the firſt Magnitude you ſhall find. W 
This needs no Trigonometrical Calculation. 


PHE Right Aſcenſion of a Star is that Arch of the Ægpuino- 


£1 55 Stars 
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The Declination of a Star is an Arch of the Meridian contain- 
la to the Meridian, and then ſhall you find 73 d. 7 m. of the 
guinoctial contained between the beginning of Aries and the 
For the Declination, bring Capella to the Meridian, ſo ſhall you 
d 45 d. 37 m. of the Meridian contained between the Æquino- 
al and Capella; and that is the Decli nation of that Star. And 


cenſion, and Declination, of any other Star upon the Cæleſtia! 


ie, - 
XXXIII. 


(it being looſe) to both the Stars, and the Degrees of th 


1. FF the Two Stars be both of them under the ſame Mun 


and ſee what Degrees of the Meridian are contained betwea 
them, for that is their Diſtance. I | 


ridian, and count what Degrees of the Æguinoctial are contain 


and meaſure their Diſtance. upon the Æguinoclial, or any olle 


Anciila Mathematica. 


0 5 t. | Latit. R. Aſcen. Declin. Th 
| Stars Names.| . as * 5 : D. M. N. M. 101 
- FRE — - | r Lie f — | 8 nd 
Artiarus 210 13% 388 

Lucida Lyra 2 1276 27438 305 Ar 
Algol 41 4639 39]B ei 

Capella 73 75 375 
| Aldebaran | 64 175 48058 Ly 
Regulus 147 43/13 3365 und 
Cauda Leons 173 4/16 25B| Th 
Spica Virgin. \296s 56 9 31] de 
Antares 242 23125 37 ri 
 Fomabant 339 4631 174 me 
Regel 74 44] 8 374 | 
Syrius | 97 42116 144 
Procyon ; TIO 35 


To find the Diſtance of Two Stats, 


- dian, Bring them under the General (or Braſs) Meridiu 


2, If they lye not under- the ſame. Meridian, but har 
the ſame Declination, or lye in the ſame Parallel, Big 
one of them to the Meridian, and fee what Degrees of the I 


quinoctial are.cut thereby: Then bring the other Srar to the 11: 


between the Meridian and the Degrees before found; for thi 
is the Diſtance of thoſe Two Stars. 

3. If the Two Stars do neither lye under the ſame Merida, 
nor in the ſame Parallel, Then lay the Quadrant of Attind 


®ad/int contained between the To. Stars is their Diſtanc 
And if the Quadrant be too ſhort, you may uſe the Circle 
Pofition, or take their Diſtance with a pair of Calope-Conpaſls 
great Circle. 5 

| Tlus 


Aſtronomical Problems. 
277: THUS, 


Bi 7 


ion, being under the ſame W their Diſtance will be 
hund to be 37 d. 36 m. * | 
d, 


Ar urin and the Lion's Neck, being 1 near in the fame Parallel, 
eir Diſtance will be found to be 57d. 
— Likewiſe, 
Lyra the Harp, and Marchad in the Wing of Pepaſur, will be 
und to be diſtant 63 d. 
The finding of the Diſtance. of Stars upon the Czleſtial Globe 
the ſame as the finding of Diſtance of Places upon the Ter- 
rial, and conſequently the Triangles made upon the Globe are the 
me alſo: So that the Canons tor Calculation for finding them 
il * the ſame alſo, and needs not be here again p 


PR OB. XIII. 


know what Stars will be pon the Meridi ian at any Hour 
if the Night. * 


* 


e D = DD 


FD ä —-— > 


1 


| 
— 


HE Sun being in 29 d. of Taurus, what Stars will be up- 
on the Meridian at 10 a Clock, and 12 m. at Night. Bring 
d. of Scorpio (which is the oppoſite Sign to Taurus) to the 
eridian, and ſet the Index of the Hour Circle to 12. Then 
n the Globe about Weſtward till the Index point at 12 m. 
er 10 a Clcck, and there hold the Globe; and all thoſe Sars 


Mer 
ridith 
StWer 


* ich lye under the Braſs Meridian are then upon the Meri- 
h 1 n, of which Arar is the Chief. 

1 0 F This needs no Trigonometrical Calculation. 

ta inet : PRO B. XIV. 

or thit 


know what Day in the Tear any Rar ſhall be upon rhe Meri- 
rid lian ot 12 4 Clock at Night. 1 

ltitud 
of th 
{ſtance 
cle ( 
zpalls 
olle 


Thi 


Ring the Star to the Meridian, and mark what Degree of 
the Ecliptick is juſt under the Meridian at the ſame time: 
en find that Degtee of the Ecliptic in the Horizon, and note 
at Day of the Year ſtandeth againſt it, for that Day ot the 
ar will that Star be upon the South Part of the Meridian 
12 at Night : And when or yd is in the oppolite Point xo 
b 2 the 


The Right Shoulder of Auriga, "and the Right 8 of il. 


— 


nh 
g. 


| the Ecliptick, the ſame Star will be upon the North Part of 6 


Nuand the Hour of the Night. 


meet with the Centre of the Star; then ſhall the end of f 


with 42 d. of the Quadrant, you ſhall then find the Qua 
of Altitude to reſt at 33 d. of the Horizon, counted from tl 


* * W — a — , Y — — 
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Meridian at 12 at Noon. . 
The Sun's Place, and the Altitude of a &nown Star given; ], 


T HE Sun being in 21 d. of Capricorn, the Altitude of tþ 
Great Dog 14 d. I demand the Hour of the Night. 
The Globe ReQified, &c. Bring 21 d. of Capricorn to th 
Meridian, and the Index to 12 a Clock. Then move the Glh 
and Quadrant of Altitude fo together, that the Great Dog me 
with 14 d. of the Quadrant; and then ſhall the Index pointy 
8 of the Clock, and 22 m. which is the true Hour of the Night 
A. , rg. Vo IN 
| D. : „ - 
When C20 2 Jand the C The Bull's Eye 399 The ho. C7 11 
the San 20 M > A/ti- < The Bull's Eye Job be 9 1 


is in (5 ) rude of ( Ardturus F II 3 
FTC by 
The Altitude of Aldebaran (or any other Star) being given, nl 


known Latitude; To find the Star's Azimuth, - 


T HE Quadrant of Altitude being fixed in the Zenith, no 
it and the Globe till the Degrees of Altitude given d 


Quadrant of Altitude ſhew you upon the Horizon the Aainul 
in which the Star then is. And thus, if you bring the . 
drant of Altitude on the Eaſt Side of the Globe, moving 
and the Globe both, till the Centre of Aldebaran do meet ji 


Eaſt; or at 57 d. if you count them from the South. And tit 
is the Azimuth of Aidebaran when he hath 42 d. of Aud 
and that is near the S. E. by E. Point of the Compaſs. 


223 


e Latitude fi the Place, 51 4. 30 21. EF and the Decli- of 
nation of 4 Star, ( ſuppoſe 2 the Bull s Eye, Aldebaran , 


given: To find 
n Þ-R:0-B AVI. 
Ie Right Aſcenſion. 


TH H E Globe Reftified to the Latitude, &c. Bring 222 
to the Meridian: Then count how many Degrees of the 
Xquinoltial are contained between the Meridian and the be- 
ginning of Aries; which will be 64 d. 17 m. and that is the 
| Probe Aſcenſion of that Star, which in time (by allowing 15 d. 
for an Hour, and 1 d. for 4 m. of time) in 4h. 16 m. its Right 
Aſcenſion in tim. 

And in the ſame manner - you find 


of th 


2; J 


of th 


to th 
 Ghh 
0 Met 
Oint i 
Nielt 


7 12 Dx Ms > H, M.. 
) 1 The Right: 1 e 
L 3 Aſcenſi- & Sprius C to bes 97 42 Kin times 6 30 
0n of (Ago 39 39 2 38 


The fame Tri gonometrical Calculation, as for the 2 5 * 
4 ſeenft fon, as in Prob. III. ſerves for this alſo. 


| -PRO B. XVIII. 
- Its Aſeenſional Difference. 


Bu, the Star to the Meridian, and the Haie W 
Then bring the Star either to the Eaſt or Weſt Side of the 
Horizon, and there you ſhall find 1 h. and 27 m. contained be- 
tween the Index and 6 a Clock: And ſuch is the * alt 
D: ens of Aldebaran. 

In like manner you „ find 


| : 


H 


The 7 Arlturms 28 n 55 
ſional Di f. ; Syrius bh be 4 21 28 or in une 26 
13 F 


| Algol his Declination being more. than the Complement of the 
. never riſes nor ſets, but is always above the Hori- 


The f ſame Trigonometrical Calculation, as {or the _ 1 


— ; — —V— 


_ = 


1 
r R O B. XIX. 


I Amplitude. 


Bunt Aldebaran to the Horizon on cither Side of the Gch 
and you ſhall find it to touch: the Horizon at 25 d. 56m 
from the Eaſt or Weſt Northward; which is the Amplitude ol 
the Bulls Eye riſing or ſetting. And according to the Point 

of the Compaſs it riſeth E. N. E. 2 d. 26 m. anos. 
ſets W. N. W. 2 d. 26 m. Northerly. - 10 8 
28 thus may you find. | D. . bm 
1 Je, Riſeth from Yionlovard 3 6 

hat 3 


Syrius & the Eaſt or Q Southward 26 41 
Algol J Weſt Never riſes or ſets. 


The fame Trigonomerrical Calculation as for the Sun. 


P ROB. XX. 


The Semidiurnal Arch, and the time that Aldebaran 0 or ary * 
Star) continues above the Horizon. 


B Ring the A/debaran to the Meridi an, and { ſer the Hour-Cir 
D cle to 12. Then turn the Globe Weſtward, till Aldebara 
touch the- Horizon; then ſhall the Hour-Index point at 7 h, 
27 m. And fo long time is A/debaran above the Horizm, 
before he comes ro the Meridian, and continues ſo mary 
Hours and Minutes above the Horizon, after he hath paſt th: WW: 
Meridian, and ſets in the Weſt. And thoſe 7 h. and 27 m. is the BE 
Semidiurnal Arch of that Star; which doubled, is 14 h. 53 m 
And ſo long doth that Star continue above the Horizon beitet the 
time of his riſing. 
| And in this manner you find 


1 TTY 
The Semi- — ted 85 * And bis Conti- $55 50 
to 


diurnal <4 Syrizs 4 34% nuance above d 
Arch of Q Algo! 12 oo) the Horizon * 0 


The ſame Trigonometicl Calenlarin as s for the Sun 


— 


por 


ROI 


P 5 2 — * 7 1 % 
r 4 * £ y —_. 
* — N * 5 - þ A 
£ = 0 1 - 
* , ; » A 4 ; _ " . 
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L ft * m_— * as 1 10 ».5 
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ROA Xx. 


it what Hour (any tima of the: Tear) Aldebaran comes 10 the 


Meridian. 


0 * 


ET the time be the Firſt of January, at which time the Sun 
| is in 22 d. of Capricorn. Bring 22 d. of Capricorn to the 
Meridian, and ſet: the Hour. Index to 12. Then turn the G/zhe 
bout till Aldebaran be under the Meridian, and then you {hall 8 A 
ind the Index to point at 42 m. after 8 of the Clock, at which | = 
ime Alaebaran will be upon the Meridian that Night. | 4 
In like manner you may find tat HH. M. 

( cober 28) Ardturus will be upon 11 10 
Upon +5 January 185 ius ; the led 9: 3 A 
Nute 10 4% Camm 5 7 1 Aj 
The ſame Trigonometrical Calculation as for the Sun. 

'P.R OR XXIL 


t what Hour (at any time of the Tear) Aldebaran (or any other 
Star) riſeth or ſetteth. ee. 7 


ET the time be January 1. By the laſt before-going, you 
found that A/debaran came to the Meridian at 8 h. 42 m. 
d by the laſt but one you found his Semidiurnal Arch to be — 
h. 27 m. This being taken from 8 h. 42 m. the time of hi. 9 
ing South, leaveth 1 h. 15 m. the time of its riſing; fo that _ 
don the Firſt of January Aldebaran did riſe at 15 m. after 1 
the Afternoon. Again, if you add his Semidiurnal 7 h. 27 m. 
the time of its being South 8 h, 42 m. the Sum will be 16 
9 m. from which take 12 h. and the Remainder: will be 4 h. 
m. So that A/debaran did ſer. at 9 m. after 4 of the Clock the 
Mn ?;oł? -C oo i 
Aud in like manner you miy find tha: . * 
Odober 28) Ardfuru ; (3 82 : 
pond Famnary 21 Hr 5 Riſes at 3; 30 
January , ðͤ 
5 Algol never Riſes. nor Sets. 
The ſame Trigonometrical Calculation as for the S. 


P. R O. 


00 


Mphat Altitude and Azimuth Aldebaran (or any her Star 1] fol | 


PRO B. XXI 


At bat e Diſtance from the Merid jan, Aldebaran will be ts 
Eaſt or Weft + And what Altitude be ſhall then have. 


Ring Aldebaran to the Meridi, an, "and the 1 to 12, 
and the Qadrant of Altitude to the Weſt Point of the 
. ee - Then turn the G/obe Eaſtward, till the Centre of th 
Star be juſt under the Edge of the Quadrant; then ſhall th 
Index point at 5 h. and 40 m. So that when Aldebaran is di 
Eaft or Weſt, he will be 5 h. 40 m. A: time ſhort of, or gon 
beyond, the Meridian 
And when the Centre of Abe is Juſt nates the Edge a 
the Quadrant of Altitude, you ſhall find it to touch 20 d. 21n 
And fuch is the A/tizude of Aldebaran when he is upon the 
? Eat or r Weſt Azimuth, © 5 
In like manner may you find that 


j > 


H. M. D. Al. : 

Ardurns will be upon the Eaſt or Weſt (4 49 and his ( 27 12 mm 

SFyrius CC Azimuth, when he is 45 5 2284 92 56 I 
A = ſtant from the Meridian. C3 1 5 will be ©54 37 

The ſame 8 Calculation as | for the Sun. R. 

J 4 

PR OB. XXIV. obe 


have, when Six Hours di fant from the Meridian. 


Pie Aldebaran to the Meridian, and the Index to 12. Tia 
turn the Globe about till the Index point at 6., then l 
the Quadrant of Altitude over the Centre of the Star, and ya 
all N find it to lye under 12 d. 18 m. of the Puadrant : An 
ſuch is the A/rztude of A/debaran. At the ſame time look what D. 
grees of the Horizon are cut by the Quadrant of Altitude, au 
you ſhall find 8 d. between it and the Eaſt or Weſt Points Font 
wards. And ſuch is the Azimuth of A/debaran, And accord 
to this Rule you ſhall find that when 

- Altit. Aim. 

.. D MD M 

a, 6 h. diltant from #16 15776 367 from the 
Algol J the Meridian his L12 38579 435 North. 


9 in 


8 


Syrizs is never 6 h. diſtant from the Meridian, nor any other Fig. 

7 that hath South Declinatio . XXXIII. 

The Triganometrical Calculation as for the San. „ 
n 

nd what Altitude and Azimuth any Star hath when he is at 


_ 
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0 12 

þ the ny horary Diſtance from the Meridian. | 
JT the = ; 95 335 : 5 

l the HIS is no other than the laſt. For having brought the Star 


to the Meridian, and the Index to 12, move the Globe till it - 8 { 
me to the deſigned Hour. Then the Quadrant of Altitude being | — 
d over the Star, ſhall at the fame time ſhew you both the 

ritude and Azimuth thereof as before. This needeth no 

wmple.. > 2 on N 

WThe ſame Trigonometrical Calculation as for the Sun. 


PRO B. XXVI. 


A. e ne Azimuth of 2 Star, 10 find at what Horary Diflance 
15 that Star 7s fromube Meridian, and what Altitude that Star 


then hath. 


Ring the Star to the Meridian, the Index to 12, and the Qua- 

) drant of Altitude to the Given Azimuth, then turn the 

ohe about till the Centre of the Star lye juſt under the Qua- 

Wn: of Altitude; the Index at that time ſhall give the Hora © 
ance, and Quadrant the Altitude of the Star. 775 | 


Example. Aldebaran being ſeen upon 80 d. of Azimuth from 


Tin BW North Weſtward, that is, near upon the W. by N. Point of. 
en Compaſs; the Star brought to the Meridian, and the Quadrant 
dug 1/:i:4de- to 80 d. and the Howr-Intex to 12. It you bring 
a 5:27 to the Quadrant of Altitude, you ſhall find the Index to 
at Dent at 6 h. which is the Star's Horary Diſtance from the Meri. : 
, 08S. And the Quadrant of Altitude will ſhew-12 d. 18 m. the 
— itude of Aldebaran at that time. . | 


heſe Twelve laſt Probleme may be reſolved by Trigonometri- 
Calculation in all Reſpects as thoſe of the Sun, if (in all 
them) inſtead of the Word [Sun] there, read LStar] here. 
d the Canons for Calculation will be the ſame in both. + 


228 


. 
XXXIII. 


N ER E is given the Situation of the Star, in reſped to , 


of the Star's Declination : And the ſame Meridian continy 
will croſs the Æguinoctia! Circle in has Point of the 9. 


Fig. 
XXXIV. 
NV. 


mine. In which Triangle there is 


his Blace, in reſpect of the Æquinoctial, is required 


Right Aſcenſion. 8 


| FAſcending, as in Fig. XXXIV. 3 1 
| — as-in-Fig. XXRV, & make choice of the Tin 


Given, P 8, from whom the Longitude of the Star is} 


Arilla Mathematica: 8 
The Longitude and Latitude of a Star, tohich is. ſituate out of lh 
Ecliptick, being given; Io find the Right Aſcenſion and | 
clination of that Star. „„ 5 


g 


Ecliptick, altho its Situation be out of the Ecligyick, y 


I. By the Caleftial Globe. 
Screw the Quadrant of Altitude over the Pole of the Eci 
and lay it to the Degree of the Stars Longitude in the Ech 
—Then count. the Star's Latitude given upon the Quadrat 
Altitude: And obſerve what Meridian paſſeth through ul 
Point: For the Degrees of that Meridian, comprehended þ 
tween that Point, and the Pole of the World, are the Depy 


1 


II. By Trigonometrical Calculation. | 5 
When the Longitude of the Sun falls to be in any g 


PF 8, for the Latitude of the given Star if it be 7 Ns 


the which the Letters à and written within them will det 


Cf. The Side P E, the Diſtance of the Pole of the Zu 
tor from the Pole of the Ecliptick, 23 d. 30. m 
2. The Angle F, whoſe Meaſure is the Arch oft 
Ecliptick, intercepted between the Sides F Þ a 


duced. and the Solftitial Point found out. 
3. The Side F 8, the Complement of the given 5 
N. r 9 5 Fn 


2. 


3 % 


"the Problems. — 
. The Side P 8, the Complement of the Star's - 


: Deli nation. 
t of Iz. The Angle P, which the Ark of the Zquator XXXV. 
ond 1 equired, 4 intercepted between the Sides PF and F S; of 


which, this Right Aſcenſion of the Star is made, 
7 whicher from the * of the Ecliprick 270, 


Example, Let there be given the Head of Andromeda, which 
a Star of the Second Magnitude; whoſe Longitude is in 9 d. 
$ m. Y, and Latitude 25 d. 42 m. b. Kue Longitude of the 
tar falls out to be in an Aſcendin n Aries; therefore, 
ake choice of the Triangle P F'S, Fig „Nx. the Latitude 
ing North, in which there is given, ( 5 P F, the Diſtance of 
e Pole of the Aquator from the Pole of the Echptick, 23 d. 
o m. (2.) The Angle F, which the Ark of the Ecliptich in- 
rcepted between the Sides FP and F 8, being produced, mea- 
reth, and gives the Longitude of the Star to be 9 d. 38m. 
0 that the Solſtitial Point = is neareſt; ſubſtract there- 
re 9 d. 38 m. Y from 90 d. the beginning of S, the Remain- 
er will be 80d. 22 m. which is the Angle at F. (3.) FS, 
he Complement of the Latitude of the given Star, 64 d. 18 m. 
And let there be ſought, (1.) P'S, the Complement of the 
Declination 62 d. 45 m. therefore the Decli nation of the Star 
$ 27 d. 15 m. (2.) The Angle P, 87 d. 47 m. Which added 
d 270 d. makes the Right Heut on of the Star to be 357 d. 


m. 
Te £ anons for. C alculaiion.. 
4 J. For the Angles 8 and P. 
1.) As the * of half the Sum of the Sides 'SF and F pp, 


43 d. 
I " the Sine of half the. Difference of thoſe Sides, 20 d. 


ö th Co tang ent of half "ne Ang le at F. La. II m 
0 5 Targen of half the Difference of th the ales at '8 and 
P. 36. 6 M. 
0 AS 1 Co- 1 ine of half the Sum of the Sides Pp 8 and F p, 
46 dl. W 
Co: ſine of half the Difference of choſe To Sides, 


"30M 5 
Mm . — 0 


15 ws t 


v. 


_ Fig 
d WS 1 x 
XXXV. ſynich 57 d. 1 m. added to the aforefound Difference, gi 


„ 

So is the Co- tangent of half the Angle at F, 40 d. 11m, 

Ty To the Tangent of half the Sum of the Angles at S aul! 
« 7 1m. | : : | 


87 d. 47 m. for the greater Angle at P; and 30 d. 467 
the Difference aforefound ſubſtracted from 5 d. * 
leaves 26 d. 15 m. for the leſſer Angle at 8. 

(3.) As the Sine of the Angle at 8, 26 d. 15 m. 
Is to the Sine of the Side FP, 23 d. 31. 
- So is the Sine df the Angle at F. 80 d. 22 m. Re 
To the Sine of the Side SP, 62 d. 45 m. 


Whoſe Complement, 27 d. 15 m. is the Star Deelinat 
> JFF 


| The Declination and Right Aſcenſion of a Star being given: 
find the Longitude and Latitude of that Star. 


HIS is the Converſe of the former Problem, and may 
I reſolved. as followeth, | 
135 I. By the Cœleſtial Globe. 


Screw the Quadrant of Altitude over the Pole of the Ej 
tick: Then count upon the AÆguinoctial Circle the Degrees 
Right Aſcenſion; and upon that Meridian which paſſes throy 
that Point, count the Stars Declination from the Aquindli 
towards the Pole, and to that Point bring the Quadrant of. 
titude; then will the adrant cut the Eclipticꝶ in the 1 
grees of the Star's Longitude z and the Degrees of the 4 
diam, comprehended between the Eclipticꝶ Circle and its] 
will give. the Degrees of the Star's Latitude. 
| II. By Trigonometrical Calculation: 
When the Right Aſcenſion of the Star falls out to be ini 
Erft or Fourth Quadrant of the, Æguinochial - as in Eig. XXII 
or in the Second or Third: As in Fig. XXXV. make uk 
the Triangle P F S for. the Srar's Declination North. or Sou. 
In which there. 1s e on Wn Y 


- 


and] 


; Bi 
461 
Th 


n: J 


may h 


e Ei 
Tees 4 
-hrow 
1noll 
t of | 
he U 
le 9 
its Fa 


Required, 


3 Ho. 231 


| C 1. PF, the Diſtance of the Pole of the Ecliprick from” Eig. 
ide Pole of the World; 23 d. 20m. 
| 3. 9 the Complement of the Star's Declination, XXXV. 
64 d. 13 
3. The Ro] b. whoſe Meaſure is the Arch of the . 
gquator intercepted between the Sides P F and P 8, 
87 d. 47 m. from whence the Right Aſcenſion of the 
GStar is produced, and will be found to be 357 d. 47 m. 


1. The Angle F, whoſe Meaſure is the Arch of the 
Echptick. intercepted between the Sides FP and 
FS, from whence the Longitude of the Star from 

the next Solftitral Point is found. = 

2. F S, the Complement of the Stars Latitude. 


The Canons for Calculation. 


(..) As the Sine of half rhe Sum of the given Sides PF vnd f 8, 


d. 8 m. 
bw the Sine of half the Difference of thoſe Sides, 19 d. 371 m. 


Pois the Co-tangent of half the given Angle F, 43 d. 54m 


To the pry of half the Difference of the Angles at F and 8, 
vit. 2 m. 
2.) As the Co-ine of half the Sum of the Sides F Sand F P, 
43 d. vm 
Is 8 Co. ſine of half the Dian of thoſe Sides 19 * 
37 m. 


$0 is the Co- tangent of half the given Angle at F 43 d. 54 m. 


To the Tangent of half the Sum of the Angles at Fand 8 * 
vis. 53 d. 18 m. 
The half Difference before found: 27 d. 3 m. added to the 
half Sum now found, gives 80 d. 21 m. for the Angle at 
E, the Complement of the Stars Longitude, And ſub- 
ſtrated from the half Sum. 53. d. 18 m. leaves 26 d... 
15 m. for the Angle AB - 
| Then ſay, _. 
3) As the Sine of the Angle at F, 80 d. 21 m. 
sto the Sine of the Side S P, 62 d. 45 m. 


0 is the Sine of the Angle at P, 87 d. 47 m. 


To the Sine of the Side S F, 64 d. 18 m. 
Whoſe Complemeyg 25 d. 42 m. is the Star's Latitude. 
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p R O B. XXIX. 


| | 3 „ 3 
The Latitude of a Place, (or Elevation of the Pole) and Declinz. 
tion of the Sun, or of a Star, being given: To find the Aſter. 
fional Difference of that Star: And from thence, (the Right 
- Aſcenſion of the ſame Star being gener he find its Oblique 
Aſcenſion : The Semidiurnal Ark, the Continuance of it abort 
and below the Horizon: Its Ortive and Occaſive Amplitude: 
And the Oriental Angle, viz. that of the Point of the Eclip 


tick. | | 1 
| „ ]. By the Cœleſtial Globe. „ 
T HE Globe being rectified to the Latitude, and the Place 
of the Sun brought to the Meridian; and the Quadrant 
of Altitude ſcrew'd to the Zenith, and brought to the Eft o 
Weſt Points of the Horizon; the ſeveral Arches and Angle 
made by the Poſitions and Interſections of theſe Circles being 
meaſured or counted upon the Globe, will reſolve the ſever 
Demands : But with ſome additional Works; which I ben 
omir. Wherefore, „% 8 
II. By Trigonometrical Calculation. 

Here the Situation of a Star is given, in reſpect of the A. 
>quinaial; and Enquiry is made where its Place ſhould be, in n 
ipect of an Obliquè Horizon given. %;;r 8 
The G/obe continuing in the ſame Poſition as when ya 
wrought the Problem upon it, you will find conſtituted upon 
it Two Spherical Triangles; ſuch as in the Figure are notel 
with R Or S. for the Declination of the Star Northern or Soi: 
thern. In either of which Triangles, there is (beſides the Ky) 
Angle at R) 5 co, 1 
( 1. The Angle Or, which is the Ang/e made by the A. 
G ) quator and the Horizon of London, 38 d. 30 m. 
J. 3 Perpendicular R S, the Star's Declinatin 

_ Norton, „ 1 | | 


And 


ling. 
\ſ[cen- 
Tigbt 
lique 


above \ 


tude: 
Eclip 


Place 
rant 
aft or 


inglez 
being 


verl 
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1 you 
upon 
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d there is 
equired, 


1 Subſtratted 
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0 


E Ferme 


à Star declineth towards 
3  FSubſtraT the Decl. from the R. 


| ſ C1. Or R, the Aſcenſi onal Difference; which, when 


Aſcenſion. 


cenſion. 


Add go d. it 1 85 the Semidi- 


I arnal Ark. 


Add the Decl. to the R. Addons 


' 10. 

| * * the Decl. fr 
| 3 rom the R. 
| A Depreſſed Pole,“ | Aſcenſion, it gives the Obl. 
| A renſion. 
Subſtract 50 d. it gives the 
ES | t Semidiurnal Ark. 


ance aboye the Horizon: Whoſe Comple- 


Horizon. . 


2. Or 8, the Amplitude of the Star, at his Ri- © 
Ving or Setting, having either as or South * 
[ Declination. 


5 . Aſcending, n the? 


- Angle of the Eclip- 
3. The Angle tick and Meridian, 


8; which 4. 
Deſcending, from the 
in Sins, b Complement of the 


: 100 


Angle of the Eclip-| © 
tick; adding 180 d. 


EX AMPLE L Let there be given an Elevation of the Pole 
(ar at London) 51 d. 30m. And the Sun's mung 
© 4. 10 2 Lauth. 


: "4 e 5 11 5 
» * : 1. 4 1 4 4 - E:3 


| The Semidiurnal Ark being turned into Hours: 
gives half the Time of the Stars Continu- 


ment to 12. Hours is its Semi noctur nal 
Ark, or half his Continuance 3 the 


Gives the 
4 Oriental 


29, 
n. 


| 5 i 1 © Aſcenſion, it gives the Ol. 55 


Add the Decl. to the R. Aſcen : 
|. An Elevated Pole. 1 fron, it gives the Ob. De- 


: : | . ſion, it gives the Ob/. Aſcen- 
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In the Triangle R Or 8, ( the Declination being Southwat) 


for the half continuance of the San above the Horizon, whit 


below the Horizon; But double the continuance of the $y 
above the Horizon, the Length of the Day will be 11 h. 5ox 


pill be 12 h. 10 m. 


dian, before found, to be 66d. 31 m. gives 15 d. 1 m. fork 


As the Radius, 


Ancilla: Mathematica. 
there is given, (beſides the Right Angle at R,) (1.) The Am 
R Or 8, the Complement of the given Latitude, 38 d. 3on 
(2.) The Side R S, the Declination of the Sun, 1 d. 2 m, þ 
which may be found. 1 : 

(I.) The Side Or R, the Aſcenſional Difference, 1 d. 2h 
Which, when the Sun declines (as here) towards the. Depr-jyli 
Pole, being added to the Right Aſcenſion before found to be 14 
d. 3 m. gives the Obligue Deſcenſion, to be 359 d. 7 m. hy 
being taken from the ſaid Right Aſcenſion, 3 58 d. 3 m. gin 
the Obligue Deſcenſion to be 356 d. 59 m. And bey 
taken likewiſe from 90 d. gives 88 d. 56 m. for the Sen 
diurnal” Ark : Which being turned into Time, gives 5 h. 55 


Complement to 12 h. is 6 h. 5 m. the half continuance of the $y 


And double the continuance below, and the Length of the Nyj 


(2.) The Side Or S. the Ortive Amplitude of the Sun, 1 d. 20n 
(3.) The Angle RS Or, 514. 30 m. the given Latitude. 
W hich being ſubſtracted (becauſe, in this Example, the Spi 
Aſcending, viz. ) from the Angle of the Ecliptich and Ila 


Oriental Angle of the Point of the Ecliptich. 
This Example was of the Sun, I will here give another Ex: 
ple of a Fixed Star, viz. The Head of Andromeda. 


EXAMPLE II. The Declination of the Head of Andromi 
18 27 d. 15 m. repreſented by the Side R S. | 
The Complement of the given Latitude is 38 d. 30 m. rep 
ſented by the Angle R Or S. W 
| Theſe being given, we are to find, 
1. The Side R Or, the Star's Aſcenſional Difference. 
2. The Side Or 8, the Amplitude of the Star. 
3. The Angle at 8. e | 
. III. The Canons for Calculation. 
I. For the Side R Or, by Caſe VII. of R. A. S. T. 


Is to the Tangent of RS, the Star's Declination, 27 d. 15 


0 


% | 


— r 


Aſtronomical Problem . 
> is z the Co-tangent of the Angle Or, 38 d. 


rence, 40 d. 21 m. 
2. For the Side Or 8. By Caſe IK. of R 4 87. 


5 the Sine of the Angle R Or 8, 38 d. 30 m. 
Is to the Radius: 

is the Sine of the Side R'S, 27 d. 
To the Sine of the Side 8 R, (the Stars 8 anne at his Re. 


ing) 47 d. 22m. 
3. For the Angle R S Or. By Ca VII of R. A. $. T. 


s the Co- ſine of the Side R ö,, 7 d. 15 m. 

To the Radius ; 

is the Sine of the Angle R or S, 38d. 30 m. 
To the Sine of the Angle R S Or, 61 d. 41 1m. mn > 
By which the Oriental Angle may be found. 1 


he Robe Aſcenſion of Andromeda 8 Head was und? 5 

by (Pr. 27.) to be | 357 47 

d his Declination given | North. 27 15 

is 2 _ Difference '( by the ( 1. hereof ) 2 
nd to be OOO 


| dich f ubſtracted from the Star's Right Aſcenſion, 


gives the Ob/rque Aſcenſion to be 3 n 
d the Declination added to the Righs Afcenſic _ | 
gives * 
From which ſubſtract the whole Circle 360 0 
ere will remain for the Obligue Deſcenſio/:ns 38 08 
To which add | 90 0 
nd it gives the Semidiurnal Arch t to be 3 128 08 
Which turned into Time, 12 8 32 5 
Which doubled, is 17 O4 


nd ſo long the Star continues above the Horizon of London. 
nd that ſubſtracted from 24 h. leaves 6 h. 56 m. for the Stars 
continuance below the Horizon of London. 
the (2.) hereof, the Amplitude of the Stars 1 . 
from the Eaſt Northward, is found to be 1 
nd by he 3 hereof, he A__ I PR 41 
ubſtracted in Signs Aſcending, from 2 
825 Tadel in Signs Deſcending, 1 the 4 . 
* the Ecliptick and nn, gives the Oriental SR A 


To the Sine of the Side R Or. The Star's 22 Di iffe- e 5 


Ancilla Mathematica. 
The Declination of the Syn, and the Length of a Day bei; 

ven, to find the Latitude or Height of the Pole. 1 
I. By the Cœleſtial Globe. 


TD Ring the Solſtitial Colure to the Meridian, and count the Sul 
B Declination upon it, either North or South, (ſuppoſe 20 
30 m. North) then let the Sans Declination be 23 d. 21 
North, and the Length of the Day 16 h. 26m. 
Bring the Æguinoctia! Colure to the Meridian, and upon 
count 23 d. 30 m. North, and there fix the Body of the Glh 
Then, upon the Parallel of 23 d. 30 m. of Declination, c 
8 h. 13 m. the half Length of the Day, and there make 2 M 
Then move the Braſs Meridian up and down in the Frame, i 
the Mark you made do juſtly touch the Hori aon; for thi 
the Degrees of the Braſs Meridian, comprehended between i 
Horizon and the Pole, will be the Latitude ſought, viz. zi 
20m. - | 


242 
Fg. 
xxXVI. 


B 


DU 


Il. By Trigonometrical Calculation. vii 
This being (in effect) but the Converſe of the foregoing ? 
blem, the Spherical Triangle will be the ſame upon the Gl 
as in that; namely, The Triangle R Or S: In which there ur 
given, (beſides the Right Angle at R) (1.) The Srde RS, . 
Sun's Declination, 23 d. 30 m. North. (2.) The Side k. 
the Aſcenſional Difference, which the Sun hath when the Le 
of a Day given is either Greater or Leſs than 12 Hours, 
1. Let the Swur's. Declination be 23d. 20m. 
2. The longeft Day at London, 16 h. 26 m. 
3. The Aſcenſſonal Difference, 2 h. 13 m. which is half 
Time by which the longeſt Day exceeds 12 h. viz. 
26 m. the half whereof, 2 h. 13 m. turned into Degas 
is 33 d. 52m (2 . 1 
III. The Canons for Calculation. By Caſe XIII. of R. A. ö. 
As the Tangent of the Side RS, (the Sans Declination git 


fl! 


| 23d. 3o m. | Ny . 
Is to the Radius: 5 | 75 
; So is the Sine of the Side R Or, (the A Ifcenſional Difference) 134 * 4 


IO m. : ; 
To the Tangent of 51d. 30 m. the Latitude ſought, Wh 
Complement, 38d. 30 m. is the Angle R, Or 8. Th 


This Problem is ; of good uſe in Geo -aphy, rhere the Length - 
of the Longeſt Day, of every Clime- is given, to find what 
Elevation of the Pole anſwers thereunto. 


PROS. XXXI. 


0 Tanks of a a Place; or Elevation of the Pole and the Oblique 
Aſcenſion of 4 Star being given: To find the Colmical, Achro- 
ical and Heliacal Rifing of that Star. | 


178 jt 


1 | 
HE Co oſmical Riſing or Serting of 2 N is that hh 
Upon | happens in the Morning, but the Achronical in the Evening, 
b Gin I commencing at the Sun's Riſing, the other at his Ser- 


„The Heliacal Riſing is, when a Star begins to get from 
er the Sun Beams; the Setting, when it begins to go under 


preſſion of the Sun below the Horizon, which is called The 

12 070 for the Light of a Star is Greater or Leſs. In 
Y inion, Venus ſhould have an Arch of 5 Degrees, tho 
Wee eyen in the * at à very great Diſtance. | 


iter and Mercury | 245 
urn | 
$ 


ö. The Fixed Stars. | F _ i. 
« | ourth 


. TW) 


in this ad the following Problem, the 3 of 2 Star is 
n in reſpect of the Horizon and Equator together; and his 


Horizon, and in the Os.” 


en therefore the (Firſt | . Fig, XXVXVIII. 
VMligue Aſcenſion Second Quadrant of che.) Fig. XXX VIII. 


„„ Fourth Fig. XI. 


R 


fa Star falls in) Third ( ee 451 in Ty: XXIX. 


But for the better ſeeing of the Stars, there muſt be à certain 


jation is ſought for in reſpect of che ver s being in, or near, 


*- 2 : ' J * . - : ; 
Me k « N Iu » 5 * * 


XXXVIII. 
xxxvitt. 1. For the Cofonital Rifing and Setting. 
Revlific the Globe to your d Hai and bring t he «Place ; of 


XXXIX. 


the Horizon; for all thoſe Stars do at that tie : Re/e Cœſniciſ 


15 0 


| San, 7 
then ſhall all del 


Settin "it" N And ſo 3 the forementioned ny 


= 1 25 ; <2 9 LY 

13 27. an everal > ; C nee. an ” oh 

I ) other ſmal-\ ©”. . ſeveral *other is | 
( ler Starr (makler Stars . 


the Quade 


ſite Degree to whictiis 9 d. of Virgo. To which Sign an 


1 1 rt. By the Catelial- Gtobe | 


Sun (ſuppoſe 11 d. of ). $0 the Fe Part of the Horizon: Th 
look what Stars are abont the Verge of the Eaſtern Semicirel, | 


And thoſe, Stars which touch, or are near the Rim of the J 
Semicircle of the Horizon,, do Set at mt time e 9 j 
thall you find 
ET a Aldebaran” or 3 
0 dhe Bebe, Dag. 
with divers >* 2d 6 
other ſmaller * 
N 8 | Stars, ' „ -x 
2; Þ hed ;the Acronigal Ri ing and. Serting, - - 
<Ctifie be fo the. Latuude, bringing, aug dus 0 of 
A Se 850 to che Yeh TU. of. the Horim 
tars which you ſee on the Verge of the} 
Side of the Hotizon, be Riſing ee And all thoſe i 
are about the Verge of the Weſtern Part of the Horizon, are l 


6 The Tail of the 


Whate's Tail, wy 


3. For the Heliacal Ri 7 ng. and Sting. © 7 


Reftifis the- Globe to the Latitude, /and the Quade unt 20 U 
tude in the Zenith, then bring the given Star (ſu poo 
lus, or the top on's Heart) to the HI 58 of the 20% 
92 5 lde ot E Veſt ide; then Regi. 74s beg 
Star of the Firſt Maznitade (by the Rileof the Ancients) mil! 
ſeen when the Sun is but 12 d. below the Horizon; wheel 
ſee what Degree of the. tick doth cut the Burdrant of l 
tude in 1 285 which you will find to be 9 d. of Piſces; wy 


gree, when the Sun cometh (which will be about the 2zth ol 
200 chen will Farne, or _ * 8 Heart, Ry Uſe Heli 


. 


en, for his is Hee "= Firs the Far to ,the. Weſt S ie ; 
the Horizon, and turn the Quadrant of Altitude to the Ea XX; 

, and Ne ee Degree f the Ecliprick is elevated upon the 2 
rant, a8 t of-the Star you are to deal with X“ 


h require. 1 wh e Sun comes to the oppoſite "NO 
ar 


rel the "Khiprich, oY ſhall Ser Heliacally. So, 

__ Pleiades | 5 ſhall Riſe June 4. ) And Sets April 20. 20. 
5, +4 2 Het ded 5 June 26. 0 — April Ky 
7 Aru Sept. 26.) Jy upon 


ly * 
And fo- Ar bers. as 


Table "ſhetoin ne tbe Time of the Tear toben 50 Eminent, Fixed |. ; 
Stars do Ry e, both e and neat, ns | 


Th Nants of the surf. 5 Ee }: CA 15 a 
| : 9 Ez 1 ds wo 


n the following Table. F ns 


% 


a. 


of | — E * — 3 NAK 
Tori dbl Pagaſ 

the ght Shoulder ef 4 varia 42 

oſe rem Star in the Wing of Pegaſus n 

are HM llowing Tail of the Goat + Xa. 

ne, ight Star in the Ram's Hy wal 


e following Horn of the: 


ee former Horn of the Bal - 
„on Tail of the Whale | 
ting iehteſt of the Pleiades 
ron de Knot in the Net of Piſo "7 | 
ib Hern of the Bull | 
7th Eye of the Bull | : 


the Belly of the Whale 


e Eye;ratidebaran 
ole Wi 2th Horn of the Bull. 3 Fe: 1199 aur oF 4 
20% wer Head of Gemini of + i 


20h, 6 a 3 
5 being 10 oor of ee | 


294 * 219 8 
to A hoo? r 8 


#0. on's Heart 


9 


Anil Mathematics. 


— — — 0 | 
_ 

* „ 

a N 


9855 . of the Stars. . 0 . 3 g Ae. A. | Kung. - 
. Pa} ee. 


- Lows Eck I Auſt 10 | Offb, yy 
| Hydra's Heatt USES, Cn IRE = June 16 
Lion's Tail . . 22 | Octob. x 
Hare's Thigh Ces 4 os Septem. 9; 7 4 14 
Vindemiatrix. , ou 2 en Yeo BS bIVen.. 
' Arfuris | 
Virgin's Girdle 255 1 1901 
Bright Star of the Crown . 
Virgin's Spike I Ooh. 3 Sept. 2 
7 Right Shoulder of — 6 Fan, | 
= Left Shoulder of Hercules | 10 21 
Head of Hercule 2-2 Al 
| North Ballance  _ -. --- -þ ---- 2+-{ Nov. 17 
South Ballan . 23 Ooh. 2 
Swan's Bill I iE. if 
Right Shoulder of , iI Noven. 5 | January, 
Knee of Ophizcus... i - 6 | Decem. 
Lower Wing the Swan 4 Marth ui 
Vulture's Tail EET ee 
| Right Knee of Ophiucus 1 Ons 16 | Decem. 6 
TY Scorpions Heart 22 Noven. 
. 1 — - 1 _ 25 | Decem31 
1 | Pegs aſs \ "Schear Os y . þ Decem. 11 | March 24 
omeda's Girdle | | 1.11 231- April 29 
| Pandomedes Head „„ e 
| —— — —. 2 Fan. 1 


ts 


—— 


—_— 


II. By Trigonornetrical Caleulion. 


Ts Ke, of London 3 41. . 
| The Oblique Afcenſion 2 the Head of Andre eda is 31. d an 
5 and therefore i in the Fourth Bvadranr of the Fliprick What 


fore in the , ä Y Or. — bs 
wy Or. 6 | 18. 
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Fr. The Angle at F or =, (the oreateſt Decli nation of 
the Sun, or Obliguit of the El iftick, 23 d. zo m. 


In dich Ft 
there 18 ! 30 m. 


2 


Eg. .- 
XXXVII 


2. The Angle at Or. (which is at the Interſection of XXVII. 
the Equator, and the —_— of Londoa) 38 d. 2 5 


Given | 2. The Side Or. Y, or Or. i=, (the Diſtance of the 


” Oblique Aſcenſion from the neareft AE guinollial 
Point, 42 d. 34m. 

The Side Y A, or = A; for, A is that Point 
To 0 find ff Ecliprick, which Aſcends with a Star. K . 


cally : But when the Sun is in that Point of the Ecliptick 
that is oppoſite to A, a Star Riſeth Achronicall 5. | 


The Oriental Angle at the Point A, vir. the A 
ofind J FA Or. or A OT. rele 


oreover, in the Triangle RA®, (beſides ths Right Angle at RJ 


1. The Side R ©, the Ark of Viſon, agreeing with the 
WW here is ) Star, vis. 13 d. for the econd Ma irude. * 
Given )2. The Angle R A © (the ſame as Y or. or A A Or. 
before found, 26 d. om. 


To find the Side A O, the Arch which muſt ba added to the Point 
A, to find outthe Point ©3 which, when the Sun is in, a Star 
Riſe Heliacally. | 

The Canons for Calculation. 

l. For the Sides A Or: and Or. Y. By C/e III. of O. A. S. T. 


he Angles Given are A Or. Y, 141 d. 30 m. and Or. V A, 23 d. 
zo m. * the Given Side i is Or. Y comprehended by them, 
42 d. 3 

he Sum * the Given / les is 164 d. Their Difference x18 d. 
The half Sum 82 d. e half n 59 d. _ half the 
Given Side is 21 d. 17 * | 


Then, 
1) 4s the Sin of half he Sia of the Angles A 05 r and Or. 
Is to the Sine of half the Difference of thoſe Angles: - A 
0 is the Tangent of half the Given Side Or. Y, 22d. 17 m. 


0. the Two 6nd Sides Or. VT, and or. A. 
(a.) As 


When therefore the Sun is in that Point, a Star Riſeth Coſmi- 


To the Tangent of 18 d. 38 m. Which is half the Difference | 


A Ms be 


(2) As the Co fe of half the Sum of the Angles A0. ”, an 


O. A. 820. 
Is to the Co ſine of half he Piference of thoſe Angles: 


ns So is the Tangent of half the Given Side Or. V, 21 d. 4 m. 5 


To the Tangent of 55 d. 19m. Which is half the Sum of the 
Two unknown Sides Or. A, and Or. V. -The half Difference 

18 d. 38 m. ſubſtracted from 55 d. 19 m. (the half Sum) 
leaves 36d. 41 m. for the Leſſer Side A Or. —And the half 
Sum 55 d. 19 m. added to the half Difference, gives 73 d 

- "57 m. for the Greater Side A V, but (becauſe the Angk 
Or. oppoſite thereto, is above a Nurdrant) add o d. to 73d 

57 m. and the Sum 163 d. 57 m. is the Side A Y 


2. For the Angle Or. A y. By Caſe Il. of R. A. S. T 


(3:). As the Sine of the Side A Or. 36d. 41 m. 
is to the Sine of Or. Y A, 23 d. 3 
So is the Sine of the Side Or. Y, 42 d. 34 
To the Sine of the Angle Or. A F. © © ig 50 m- 5 
Then in the Triangle A R ©, Right-angled at Rat. to find the 
Side A O; by  Coſe IR. of R. A. EY „ 
(4 J As the Sine, oF ihe Angle at A, 26 d. 50 


Is to the Sine of the Side R © (the Ange of of Vif = 25 0 K 


being a Star of the Second Magnitude). 
Sol is the Radius, 

To the Sine oi of the Side A ©. 29 d. 53 m. Which added to 
the Side A , 163d. 57 m. the Sum is 193 d. 50 m. from 
which ſubſtratt 180 d. chere will remain 1 3 d. 50m. 

Wherefore, the Head of Andromeda Riſeth Co/mically at Lun 


don, with 13 d. 50 m. of Capricorn, in which Sign and Pe 
And Achronicaly 


gree the Sun is about the 24th of December : 
with 13 d. 50 m. of Cancer, in which Sign and Degree thi 
gun is about the 25th Day of Funk. — The Oriental Poim of N. 


Ano is at A, or the Angle Y A Or. 25 d. 50 m. And the Head df 


Andromeda Riſeth Heltacally, when the Sun is in 13 d. 50 m. d 
. Aquarius, in which Sign, the Sun is abont the 22th of Tebrur 
my and Sets- 'Heliacally when in the oppofite Point, vis, 13 d 


i m. of N Leo, that 1 is about the 26th of N 
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Th Elevation 4 Pole, and the Oblique en lian 85 I 
oe I 2 be Colmical, JOU ker 750 XLII. 


* 
* 
— 
4 


th | that Ker N am * 
7 1 by the Celeſtial Globe. EE” 

2d 18 E Practical Performance of this and the _ following Pro: 

inge blems is ſhewed before in Prob. XXX. and needs w be 


dere again recited. Wherefore, 
II. By Trigonometrical Calculation. . 
| When the Oblique Dane of a Star falls 2 = 42 
Fir(t 55 Figure a T. - 3 
Second Quadrant of the Figure XLII 1 ; 


=” the Third Ecliptick, as in 
Fourth) 


730. 


— — 


by Trigonometrical Calculation: 


In the Oblique: angled Triangle, 17 e. D, or = 00 D, there is 

given, 
1.) The Angle y Ot. , 23 d. 30 m 5 

5 The Angie Oc. the Angle of 'the Equator and Horizon-of 
London, 38 d. 28 m. its Comp. to 180. 

6 YO Oc. or = Oc. the Diſtance of the Oblique Deſeaniion, from- 
the neareſt Part of the /Fquraoitial, | - 


Lot I0o find, 1. The Side Y D or = Di — 
De For, D is the Point of the Ecliptick, which deſcends with the - 4 
ical Star: When therefore the Sun is in that Point, where D is, a 
> the Star Sets Achronically : But when the Sun is in the Point of the: 


Ecliprick, oppoſite thereto, the Star then Sets Co/mically. 
21. The Angle Y D Oc. or D OO. 
Moreover, in the Triangle RDO e the: Right Angle at” 


m. of 
rye WR) there is given. 
13 0. ( The Side R ©, the Arch of Viſion. | 


(2.) The Angle. RD ©, the ſame with the Angle v 5 0c. or PR 
D Oc. before found. 
To find the Side D ©; the Arch md muſt be taken from =" . 
Point D in the e to get the Point & in the Ecliptick; 
to which * when the Sun comes, che Star Sets 3 


* * 
* 1 
* . 
f S 1 
— — . A 
* 


* G - * - — 1 5 N r . 
. * a GA * 9 £ EN Fn er dds has; * c Aa R 2 r 8 7 b 7 * 2 n 1 
- . ** 3 + 4 > . 2 % 8 wr” ; * * : 9 3 TH: WE) 75 * 2 * — 7 * * . ih : 7 % 
” - . * : 4 . > "7 . 4 . OY . * 8 - : 
: : by - 4 - — Te: 
. » —_ - 4 
4 ” * 4 * — * 
4 1 p \% 0 os - * 4 — U 
. * . 4 % = y S 
- | , o 5 \ "IIs 
; * N 7 J ; 
\ . 1 : 6 « 
bl 2 % 5 £7 
; * | * 0 
— 2 5 2 
: * 1 . * . 
- * 6 
” 5 — — 
* j * 


XII 


XIII. 


XIIV. 


More.] Sometimes the Oriental Angle is leſs than the Arch of 
Viſion; and then (even at Midnight) ſuch a Star cannot be ſeen: 
f 2 if you ſubſtract the Arch = 


30 m.) there remains the Northern Declination of a Degree of 


| The Head of Andromeda (at London) ſets Achronicaliy with 


I be Latitude f 4 Place, the Oblique Aſcenſion or Defcenfion of | 


and therefore, in the Triangle 


Which Arch, if it be greater, or equal, to the viſible Arch of 


Star will begin to appear at Midnight. 


— 


* > e 7 
r 1 
* 1 # . 
_ * 
* 
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«<EXAMPERE. > - 


26 d. 46 m. of V: —Coſmically, with 26 d. 46 m. of . — But. 
the Angle Y D Oc. is found to be 121 fl. 32 m. and its Comple. 
ment to 180 d. the Angle R D O, 38 d. 28 m. Wherefore, the 
Head of Andromeda ſets Heliacally, when the Sum is in 114, 


me FP ROB. XXX. 


Star, and the Longitude of the Sun being given: To know whe- 
ther a Star may be ſeen Heliacallxß. 55 


I 1, By the Cœleſtial Globe, 
O perform this by the Globe, ſee before Prob. XXXI. 


71 5 | | 1 
II. By Trigonometrical Calculation. ; 

This is but the Converſe of the Two foregoing Probleni: 
And the Spherical Triangles * the Globe will be the ſame; 
C1. The Oriental Angle at the Point A, or the O. 
. 1- — at is "a 1 The hs 2 Found 
8 in the Triangle Y Or. A, or Or. A, as inthe 
jd wy | | Problem: The other in che Triangle 
Right Angle Y Oc. D, or = Oc. D, as in the Problem. 
at R, le 2. The Side A ©, or D ©; the Arch which isiv 
:  {- tercepted between the Longitude of the Sun, 
and the Aſcending or Deſcending Point of the 

_Ecliptick. | e 


To find out the Arch RO. 


the Given Star, that Star doth appear : But, if it be leſs, it he 
hid under the Sun's Beams. POEM © DEER ſs, it . 


— 


| Vifion from the greateſt De 
preſſion of the Æquator under the Horizon (which is the Conv 
plement of the Latitude (or Elevation of the Pole at London 38 d. 


the Ecliptick, unto which the Sun muſt firſt come, before thit 
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N this and the following Problem, tlie Situation of the Sun 
is given, in reſpect of the Ægquator, and its Situation is ſought 
t in reſpect of the Meridian. 1 

But, becauſe, at every Ceſſation of the Twilight, there is com- 
only required a Depreſſion of the Sun, of 18 d. below the Ho- 


VVV | 
Now, in the Latitude of 48 d. 30 m. the Sun being in the be- 
ing of Cancer S, at Midnight, eee below the Horizon, 
eciſely 18 d. Hence it follows, that in Places, having a greater 
eration of the Pole than 43 m. the Sun being in the Tropick, 
uſt (at Midnight) be depreſſed lefs than 18 d. from whence it 
lows, that Twilight will neither Begin nor End, bit will laſt 
| Night. Therefore, to know when this Problem is in Uſe, ſub- 
aQ 18 d. from the greateſt Depreſhon of the Ægquator, (that is, 
London, 38 d. 30 m.) and there remains the Northern Declina- 


ay pn 20 d. 30 m. (as by the Problem converſed): So the Sun, 
De en he hath 20 d. 30 m. of North Declination, which he will 
om. when he is in 1 d. 20 m. of Gemini I,; and in 28 d. 40 m. 
ri Cancer : Therefore, whilſt the Sun goes through that Arch 
- of he Ecliptick (which is between the 12th Day of May, and 
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HEY 4 dels Mathematics. 5 
=> A cette Lap r gh) the Twilighss:lafts all Night-at Lil 

2 "20 4 all abich Bere ders is m Uſe of h Problem there. * 
II At other Times of theifear:it avillub#.im Uſe, en s ray wg 


: folved asfolloweth. © 5 r CG! pt 1 
inter . By Tngonometrieal Cileatation, 4x 


. Fe. Upon the Globe, the Triangle. ü re, <this 1 10 i 
. Oblique-: -angled Spherical riangle FN 15 00 for h 
3 Declinatian of t e Sen, Ythern, or Socher. 1 lich thetel 
©, £1; The Side Pp N, the Diſtance; of rhe Pole of the Xiu 
Ito, and the Horizon of London, 38 d. 30m. 

4 2. The Side N ©, the Complement: of the Depreſl 
e of the Sun under the Horizon, whic the Sun mi 
1 have when tlie Troiligbt Begins or Ends, vis. 720] 
Z > I 3. TheSideP ©, the Complement of the Declinatin 
AASTE the Sun, which will be 4 


1 F Than 90 


When in = . C 


L TwWben in Southern? 
Ac The Angle. at . wn Which muſt be turned into re, 


hich, being 
8 C Shews the Beginning of the 1 
n Midrighty ie nr -- 
| eee )And ſubſtrated. from 12 Ts hen 
= - CPT —_— Tall 5 
: 555 | : : 5 ; #6. 8 | e Canon for Cakulation. ©» 
+ 65 By Ce XI. of 0. A. S. * | * 4 


The Sum of the Three Sides of the 6 Triangle „ my ' 5 i 


The Ha Sem is 90 d. 24; I 
* Difference between the 2 Sum 99 d. 24 m. oy 27 4 


And the Side le . 8 

9 Then 2, 5 

15 As the Radius,” 5 „ 

To the Sine 7 p N, (one of the Sides connining the enqil 10 

Si is ; to the Sine 5 P D (the other Side containing the egi 
An ngle P) 88 d. 48 m. 1 1 

ro the * 38 d. 29 JJ ͤ eres "MY 


% I 
Y 
4 . & 
7 i 

* j 

(20 0 
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44-0 <<< © 


Hlate XVI 


N 


7 . ont . age 2 46. to F. 2 28. 


— 


bee, „ 
I 4 Sine of 286: com Kft found.“ 4¹ | | 5 "x | 
$10 885 the e the. Ve d. * m. (or KI . 
d. Gm Net e 7 42 . R "= 

1150 Sine of the Difference, 27 d. 24 m. 

To the Sine of 47 d. 41 m. >: bus 
0 which Line ad the Rediac/land alters wit be the 

_ 59d. 19m. Whofe Coniplement Tour 41 m. is 

{pgs ork: Pa 1 Deer bm I olanh aft 


WS n 9 10 „be ing 61 d. 22 m. that reduced, Into Time, ; 
makes 4 h. 6 m. fers. 


which Time the Twilight Nane in- the ae that 
ſubſtracted from 12 h. Ee, h. 54 m. for for 


Fe 
_— 


'the chat 
Ae wk Erdin, the E 1 oF qot we _ 0 
be Elevation 1 this — 55 nd Altitude yy” a Sar; ye -Riph EM 
Aſcention and Declination are both known : Tb. ud EY Right - 
ime and the Azimuth of the Statiat thai Tides" 99 4 85 | = 
| Sunn 5 
II Byſche Cæleſtial Globes tt a.<2. 
) bail 5 Obe to the Latitude, (ſuppoſe London) . 
30 m. Bring the Place of the Sun (ſuppoſe 27 dl 5 m. 
Piſces) to the Meridian, and the Hour ade toig 2;11amd (thi 


durant of Altiznde to the genithe Thien turm the Body uf The 5 

be mo l the Star (ſuppeſe Caput Andromeds ). meet 2 8 _— 
„24 m. (the given: Altitude. thereot.): Then will n * | 3 

bx aun at the Time required, viz. 3 h. 4 m. Mol. 


II By Trigohonhttrical Calculation. © | ._ 
Sie af Noc is 4 the hight Tile ir 1574 18 the 

s Right Aſcenſion Fulton ths fo Aſcii ian 701 the $72r% and XLVI. 

Remainder being turm 3050 Tie 


776: '(hews how many Hours XLVII. 
| noon the Fe n en ee N ; * 6 ee 
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8 9 1. 71 * 
ken a Star is in the Parts, as.in 3 
e W SUL 19: » 2h 21225 f 02 
| ns | 2 SS = | 
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| Ancilla Mathematica. 
In the Triangle PZ S there is 
Ci. The Side FP Z, the Diſtance of the Pole of the 


| = 3 guaror, and the "Horizon of London, 38 d. 30 m. 
| 2. 1 NN S, the Complement of the Star's Ain / 
84 im 
> (49 The Side F PS, the Complement of the Star's | F 
nation, Gad. 42. m. „ The 
1. The Je P, and muft be turned into Time: 0 
eln XIV. Taken from) d ;M8'" 
And 3 PE dean . Ts 4 
| Required, O In Fig XI VII. Added to J 
13 Lahn the Time of Obſervation may appear. 
The Angle at Z, the Azimuth of che Star, at h 
Time of 0b/ervation. 1 1 
The Canon wy” Calculation. By Caſe Xl. of 0. A. s I. — 
. For the Angle at P. 51 
fer nge vf B 2, 35 d. 30m. (the Gaiden fi AE 
Latitude.) 
So is _— of Z S (the c of the Star 8 Ain 
84 d. 36m. 


koche She of 38. d. 18 m. 40 carl} = wor T, 


@ As:the Sine of. 8d Sm.. 
1610 the Sine of the katfSum pf . Three Sire of he Tri 
92 d. 54 m. (or. 87 d. S : 
80 is the Sine -of the. Difference ' (between the Half Sum, ani he 
Side Z S, oppoſite to the Angle at P) 8 d. 18 m. 
To the Sine of 61 d. 1om. The Double whereof 122 d. 20 Ou 
is the Quantity of the angle at P. * turned into a 


oF. (<9 FE 18 10 m. Scat | | lere. 

11 Fe | 2. For the Angle atZ. ' 
IH e cone of the 808 Altitude Z. 8, 84 d. 36m . 
Is 5975 of = Angle at 8 122d. 70 m. "Or. (comp. to 180 angle 


7 d. 

80 15 he Sine of  theSide S P, 1 libe Comp. of the Star's Dec 
tion) 62 d. 42m. 

To the Sine of the Angle at Z, 48 d. om m. And that 1 

Stars Azimuth from the North-Eaftmaril 


! 


Amen Þ Ra 
Example in Caput Andromeda; 


me being in 27 d. 54 1 At which D. M. 
— alſo the Right Aſcexſion of the Sun is 358 O4 
The Right Aſcenſion of Cap. Andromeda, found as before 357 45 


Tom which ſubſtract the Sun 5 Right Aſeenfon 3 53 42 
Which turned into Time, gives 23 h. and 57 m. which i is as 


the San. 
Thus the Angle at P; being found to be 122 d. 20 m. whit b 
the Star being in the Eaftern Part) muſt be ſubſtracted from the 


35 h, 47 m. for the Time of ONT Hans — which! is 3 h. 
Um. in the Morning. 


PROB. XXXVI. 


To find out the Altitude and Azimuth 7 2 Star * e 
I. By the Cœleſtial Globe. 2 


he Index to 12. Thea turn the Body of the Globe abour, till the 
dex points at the —4 given, and there keep it: Then the 
— of Altitude l 


tereof alſo. 
ll. By Trigonometrical Calculation. 3 


F Ektifie the Globe to the Latitude, the 8 of 1 
to the Zenith, the Place of the "Sun to the Meridian, and 


Y 5 9 
* F 7 * 
DJ. 


ro which add 360 d. it makes IG 17 45 


m. there remains 359 44 


Time of Obſervation, and Latitude of the Place, being 4 given : . 


angle made upon the Globe the ſame, 'viz. the Trian; 2 in 
45 — and XLVIL In which mugs there is 3 
. Jl ; 2 BY n l 5 ET Bt, 2 10 8 Sl: © n 9 = 
t is! „ ned 20 os, 


9 1 
1 111 - "xp x 
ene 4 r * _ 


5 


In the Latitude of 51 d. 30 m. the A/rriude of the Head of x. 
1rdromeda,. was Obſerved in the Eaſtern Part to have 5 d. 24 m. N 
ff Aritude. above the Horizon The Sun's 1 at that 


many Hours as the Star i is coming to the Meridian after 


Time of Culmination, 23 h. 57 m. and then there will remain 


over the Star will give you upon it the 
Star's rf her and when it cuts the Uprizon, the Azimuth 


This is but the Converſe of the former Problem : And. the Tri- 


a * nar : 2 S 


"pa. "Ms at e 


1. The Side Z P (the Diſtance of the Poles of the Au. 
tor, aud Hori aon of London) 38 d. 30 m 
| Jie The Side PS, f, ve qa of the Srar's Deel 
un (Cap. Andromeds) d d. 4am. 
73. The FEA S F-Z (the Time berween the Time bf 6 
ſervation, and the Time of the Stars next ET in 
WER Sh. 10 m) which is 122 d. 20m. 


i. 1 Side Z. 8, (the Complement of the Star's OY 
4 Altitude). 0 

he Angle at Z (the Azimuth of the Star fon 

I North Part of the Meridian.) | 


The Canons for Calculation. By Caſe IX. and Caſe . of 0. 4 $, L 


1. For. the Angle at Z. 
6 ) As the Sine of half the Sum of the Sides 2 b and 2 28. 54 
36 m 
Is to the Sine of their half Di erence, % ...-.- 0 
So is theCo-tangent of half the Given Anele, 28. 61 d. 100 
To the Tan — of 8 d. zom. the half Difference of the Im 
Angles, 2 and S. 1 0 | 
(2. As the Co-ſine of half the Sum « the Given Sidee, 55 0 
36 m. 
Is to the co ſine of their half Difference, 12 d. 6 m. 
So is the Co tangent of half the given Age Z, 61 d. 10 m. 
To the Tangent of 4⁰ d. 22 m. 1 is the 81 . Sum x 5 


Two Angles. un-. L 8 0 Keke 
"The e | 0 29 * 
5 Subſtrafied Sig ) gives (31 


Part of the Meridian. 


12 8 For the Side 2 855 13 il 
eng the. Sine of thi Angle at Z, (laſt found 
tot the Sine of the Side SP. (the mple 
Declination) 62 d. 42 m. 


So that the Azimuth of the Star is 48 d. Hr m, Bon the No 


80 is the Sine of the Is ele at P, 132 1 20m. 1 6. 4 400 | 
To the Sine of 84 d. 36 m. for the Side Z S. Whoſe Com. 


| . plement, 5 d. 24 m. is the Aritude of the Star at the Time 
ee] bf — | 
Alton 
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INTRODUCTION. 


id confiſteth princi pally of Two Parts, « vis. - the one 
A Alas as is the Aſtronomical Fr the other Judi: p 


n as is the Aftrological / ral.  -, ll 
ion The Mathematical. Part teacheth how in A Sctoms or Figure N 
Ss they call it) 70 repreſent the Face of the Heavens in Plano, for 


4 the Day or Night, at all Times of the Lear, and in all 
ints of the World. : _ 
The A ftrologicat Part teacherh how (from the Sight off the aid | — 
fition of the Schems or Free of the Heavens at the Time of its f 1 
retion) to give a determinate Judgment of hat was "demanded 1 
on that Eren of the Scheme or Figure; as of Aunual Rævo- . 7 

tions, Eleclions, the Nativity of a Perſon, . 2 
The principal Authors that have given their Opinions con 


2. e the dividing of the Heavens into 12 Manſionc or Houſes, are, 2 

8s. oom, 2. Alcabittus, 3. Campanus, and 4. Re — 14 ; 

Vi rd lat Way is now generally received and practiced among 

Rage 4ftrologers of theſe Times, and by them termed the Rational 4 

9% Regiomontanus. 5 

ow, becauſe (as I ſaid before) that the Rion of a gure of „ 

. e Heavens is the Mathematical Part of A „I ſhall there = 
 ſhew how by the G/obes to ereUt a Figure of the e ac- ; 


ling to the Rational ach of e 


rr n * 
8 2 


—— 


ir of 


2 2 


1 * ; | 


e 
, 
@: -\4 


CT by We — : ; > 


3 by 4 — y 
— ä CP.” wa « 
RT - eo = = LG ==, LS 
& — * bo - 
* 2 Py 
-> — a 
— ͤä—«ͤ . ; RT ane. 
pd = ——ä— ꝑ 2 ʒ˖́˖“ͤ —— — ES — 
* 


. 2 
1 

'3 

F 

MM 
Wl 
1 


| - How 10 Esel a Figure of the Heavens in the Latitude of Lond 


| ple of Aries, in the Tear 3875.. - © "= 


whereof the Heavens may be divided into Parts or Houſs 
through each Degree of the 2 N LY: 
2 
Cardinal, as, (1.) The Horoſcope, or Aſcendent, or Cuſpis of th 
Hirst Houſe. (.) The Medium Cini, or Angle of the Sauth, g 
 Cuſpis of the Tenth Houſe. (3.) The Deſcendent, or Ant 


 Czli, or the Angle of the North, or the Gu/p#s of the Fu 


when the Globe is ſet to the Latitude, and the Hour-Wheel Re 


| The Degree Eaſt Side of the Horizon, Fo. Gives Firſt | 


* cliprick cut 
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51 d. 30 m. N. for the 10th Day of March, at 49 m. after 9, 
the Forenoon at which, Time the Sun entred into the firſt Sn 


3 


7), «= 
3 
1 4 
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HE Heavens are & ivided in XII Houſes or; Manſions, byn il 
1 Semicircles of Poſition ;, for-yhich Purpoſe, to ſome Gl biz 

there is made one of Braſs, which is fixed in the InterſeQigg 
of the Meridian and Horizon, by the Elevation or Depreſſn 


Of theſe XII Houſes, or Man/tons of Heaven, Four are calls 


the Weſt, or the Cuſpis of the Seventh Houſe. (4.) The lun 


Houſe. „ . „ F 
| 3 divides the Heavens into XII Houſes accordiꝗ 
to his Way, by the Circle of Poſirions paſſing through every za 
Degree of the /£quinoia!, and cutting the Ecliprick at ſevenl 
Points, which are the Cæſpiſes of the ſeveral Houſes : — 80 thi 


fied and brought to the Given Hour, you have the Cy/p:/es of th 
Four Cardinal Houſes : For, Sn TE 


of the E. South Part of the Meridian, (the JTemb ( 
; hat 
| Þ# 


) Weſt Side of the Horizon, ( Cuſpis YSeventh 
(North Part of the Meridian, ) of the (Fourth 

The Cuſpiſes i other 8 Houſes are found by the Motion 
the Crrele of Poſition, as ſhall be ſhewed by and b. 

© The Hoſes are denominated by 1, 2, 3, 4, Cc. to 12, fromil 
Aſcendent downwards to the Inum Cali, up again to the Deſc 
dent, and again by Medium Cali, down to the Aſcendent. 
in the following Scheme. VVV! 
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Let this ſuffice for Definition, and now we will come to the 
Praffice by the Globes. | 19 LH 


Aſtronomical Problem) the Sun's Place in the Ec/iprick at 
oon, which you ſhall find to be in o d. 5 m. of Aries. 
Secondly, Set the Globe to the Latitude 51 d. bm. 
Thirdly, Bring the Su, Place at Noon (od. 5 m. of Aries) to 
be Mera. n , 
Fourthly, Turn the G/obe about till the Howr-Index point to 
he Hour given, viz. to 49 m. after 9 in the Morning. 

Lofily, The Globe being fixed in this Paſition, you ſhall find 


te placed upon the Cſpzs of the Fir Hoanſe. 


otiond 
e Meridian and the Ecliptick, and there you ſhall find the E- 
—_ cut by the Meridian in 25 d. of Aquarius, and that Point 
of the Ecliptick is then in the Medium Cæli, and muſt be ſet upon 
N O2 of the n 8 
Alſo, you find that the Weſt Semicircle of the Horizon, cuts the 


rom ti 
Deſc 
at. 


ending, andraut de placed upon the cual be Seventh Lofty 


Irft, To the Day ropoſed, the 19th of March, find (oy the | 


hat the Eaſt· Semicircle of the Horizon doth cut the Ecliptick in 
dd. 29 m. of Cancer, which is the Sign then Aſcending, and muſe 


Then caſt your Eye upon the InterſeQion of the South Part of 


chptick in os d. 29 m. of Capricorn; which Point is then De- 


in 20 d. of Taurus; which Degrees muſt be ſet upon the (h¹ n 


the Meridian, till 30 d. of the Aquinofia! be intercepted be. 
eween the Horizon and the Circle of Poſition 5 and then you 


Elevenib Houfe. 5 n 
The Meridian gives the Cu/pis of the Textb Houſe in 250 


— 


* 


Ancilla- Mathematica. 
Laſtly, You ſhall find that the North Part of the Meridian doth 
cut the Eclipticꝶ in the 25th © d. of Leo, which Point is they 
upon the Inum Cali, and muſt be placed upon the Cu/pis of 
the Fourth Houſe. „ 7 
Thus have you found the Points of the Eciiptich, which doll 
- occupy the Cuſpiſes of the Four Cardinal Houſes : Now to Ml 
the other Eight Houſes. | 2 
Let the Globe {till reſt in its former Poſirion, and then, 
Hrſt, Bring the Circle of Poſition to its Place on the Eaſt Side 
of the Horizon; and being there fixed, raiſe it upwards toward; 


ſhall find that the Circle of Poſition will interſect the Ecliprick 


of the Twelfth Houſe. 85 „ 
Secondly, Move the Circle of. Poſition yet higher towards thei 
Meridian, till 30 d. more of the Æquinoctial be intercepted: be 4 
tween it and the Horizon, (in all 60 d.) and when in doth Mom 
you ſhall find the Circle of Poſition will cut the Ec/iprick in 364, ; 
of Piſces; which Point muſt be ſer upon the Cuſpis of th 


7 


*: of Awarizs, as befre. 
Thirdly, Move the Semicircle of Poſition from the Ea N Side 


of the Horizon to the Weſt Side, and move it downward 
from the Meridian, till 30 d. of the Æguinoctial be intercey 
ted between the Meridian and Circle of Poſition, and then 3c], 
ſhall find the Circle of Poſition. will interſect the Eclipric M 1 
7 d. of Aquarius; which Point muft be ſet upon. the Cale Er 
r „ nap Plac 
Fourthly, Move the Circle of Poſition yet lower by 30 d. i. 
60 d. from the Meridian downwards, and then you ſhall fu, 
the Poſition-Circle to cut the Eeliptic in 21 d. of Capricorn 
which Point muſt be ſer upon the Cz/pzs of the Eigbth Houſe: W/ 0 


The Deſcendant or 1 of the Seventh Houſe, is the It 
| 7 | 


above the Horizon, beſide the Afcendant and the Medium C 
li, viz, of the 12, 17, 9 and 8 Houſes, Now rhe Cu/piſes « br 


terſection of the Weſt Side of the Horizon and Ecliprid 
which is in oo d. 29 min. of Cipricorn, as before. 1 
And thus have you found the Gu/pi/es: of the Four Hou 575 


\ 8 
— 


5 — — = ob 
the Four oo Houſes under the Earth have the ſame Dagrees of | Hh” 
doth the oppo lite __ upon them. For, | 


then 55 
n 5 Hon „ 15 | 0 | 
1 w d. 0 EE | bY "20 d. m) NG 
cho 5 6 : LE 1 fc | 
» a 0 
w tor T7 = | © d. A) bands "7 
OE rg „ the Six Signs 
Side ries Taurus, Gemini, Cancer, Leo, Virgo, 
war?! e oppalite WW 
d be. Libra, Scorpio, Sagitt. Capric. Aguar. Pier. 


And this is the manner how (by the Globe) to eret 2 
Figure according to the ( reputed) Rational Way of Regiomon- 
Mis. 

Now if you would inſert the Places of the. Planets i into your 


3 you 
liptick 
Cuſpis 


ds the igure, (for it is them that the Aſtrolager principally giveth 
ed be udgment 1 your beſt Way will be to have Recourſe to 
»th ſo me good ä or Caleulat them from Aftronomt- 
in 36, 1 Tables ). 


Having in the 88 Precepts ſhewed how to ere a Scheme 
(or Figure of the Heavens) by the Globe, I ſhall now (to 
retain the ſame Method 2 this whole- Treatiſe) 
ſhew how to effect the ſame Trigonomerrically, the which 
1 ſhall do in the Three following PROBLEMS. 


ROB 3 


prick fi: Time of the vip; and Latitude 0 1 the Place given: How to 

5 Cup 3 a Scheme or Fi igure of the Heavens * that Time and 
„ Tlace. Et 

> d. 1. 


By 8 Calculation. 


prico'.- 0 U muſt firſt find - (either by Tables already Calculated, Eg. 
e. or by the foregoing Aſtronomical Probleme) the true Place XL VIII. 
„the Uthe Sun in Longitude; and alſo, his Right Ae 10, both for 
Echipt lee Moment of Tome given. 


Then turn the Time EVEN, (counted from the preceding Noon) 

0 Degrees and 1 — x ou or ; and ld them _ 

F turned into Degrees = Minutes) to the Right Aſcenſion 

* Sun before-found the 2 (caſting —_ 9 d. E 
| | nee 


1 


262 


Hg. 
xi. 


need be) is the Right Aſcenſion of the Mid- Heaven + To whkh 
that will be the Sig of the Rth Howſe.- 


K * * we ! „„ 
N 


| Andilts Wüsste. 


you muſt find what Degree of the Ecliprick doth anſwer ; for 


Then, To the Right Aſcenſion of the Mid. Heaven, add 30 0 
then 60 d. again god. and 120 d. and 150 d. And thus you will 


find the Oblig ue Aſcenſion-of the ch, lth, and It Houſe, 
or of the lid and IIId Horoſcope. 


By the Erection of the Circle of Pafrion above he Horizon. at 
every 30 Degrees, there are made ſeveral een Triangles, 5 


H 11. Cc. 1 
In which Triangle (beſides the: Right Angle. at E,) there is ] 
CI. The Side H E, (the Elevation of the en . 
Given Gin g. above the Horizon of London) 38 d. 30 
The Side E 11, 30 d. (and & 12, 60 d. e. 5 
Jo find K. 4 .. Angle K 11 H, 15 12 1 85 Ec. e uſe XIII. 
As 7 5 wh of K H, 38 d. 30 m. 8 
Is to the Radius: 
So is the Sine of A 11, 30 d. 
To the Tangent of 32 d. gm. 
Whoſe Complement 57 d. 5 1 m. is [the Quantity al tte 
Angle 1 
13 H 11 ® | | 1 
So wil bf > = Be found — 
H 2 5 XIt. 
T | a N 
| These Angles being c once found will be mas in | Uſe: in the 46 r 
titude of 51 d. 30 m. For that they ſhew the Quantity of i the | 
An 1900 that the Ecliptict makes with every Circle of Poſition. 
Moreover, 8 
In the Triangle 11 VX, — 12.Y , G. there is 17 


Ci. The Angle X 11 /, which is a contiguous toll 

N dhe before-found Angle H 11M. 

2. The Side Y 11, the Complement of the Oblique 
ſeenſion of the Rith Houſe, to a whole Circle, or 360 

3. 8 11 N 23 d. r 


* 
139 | 22 Foy. p 
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nich To find the Side 8 or the Diſtance of the Sign of the XIth Fg. 
foe Houle from the Verna/ Rguinox. By Caſe IV. of R. d. S. T. XLVIII. 
1 But it will be ſufficient to count the Siga of the Oriental 
od Hanes For thoſe. which are oppoſite to them, (as the IVth to : 
will theXth, — the Vth to the IX th, Ec.) are counted as many Degrees + 
uſe nd Minutes 25 the others; But of an 85 Sign. 5 — 
| Example, Let it be required to Erec a Scheme of the Heavens, 


(in the Latitude of London, 51 d. 30 m.) for the 6th Day of 

- . March, he 10 h. 5 m. before News: 3 N 1 3 2 | — 
re Place of the Sun then was in 27d. 54 m. dc. | "OP _— + 
8 The Suns Right Aſcenſion, 3 58 d. 4am. * a * 
The Time 16 h. 5 m. turned into Degrees, gives 241 d. 15 m. 


20010 Which added to the Right Aſcenſion of the Sun, make 599 d. 

| 19 m. from which ſubſtract the Circle /360 d.) there remains 
239 d. 19 m: for the Right Aſcenſion of the Mid. Hecuen- To 
XIII which anſwer 1 d. 27 m. of 4, which is the Sigꝝ of the Xth 3 
4 90 Houſe. And from thence I collect the Qbl;gue Aſcenſion of ide "2 


_ reſt. of the. Houſes as followeth, viz. ” 2 
2 i 85 269 1; Ä — > 
e Oblique XXII / 299 19 Sy O08 W 2 
I Aden 1 Houſe 329-19 The Soo 29 27 Vt 
olf the Il \ N be 359 19 n 28 46 9 
III Eo. „ 11 45 VB 


4 | 
the Erefed Fig. XLIX. 


P R OB.“ . 4 9 3 | | | Ss 
How 10 Direct any Point of an Erected Scheme to any other Point. 


PH E Point that is Direſted is called, otherwiſe, the Firſt Fig. 1 
{1que | Place, or Srgnificator: But that to which we direct it, XLIX: * 
or 360 the Second Place, or the Promi ſſor: But the Significators are di- 
ieded whither they tend: Directed, that is, Going according to 


< 
84 


Ie Series of the Sans; but Retragrade in Antecedens, or againſt 
the Succeſſion of the Signs. Se „ 
2. Let 


Jo ind RF,. | 
"+: Stor. By Ce/e IN. of R. A. S. T7. 


Ancilla Mathematica, . 
2. Let the Poſition made by any direct Sgnificater, or by the 


Promiſſor to which the Retrograde is Directed, be called the Hori. 
 20n of a Star: And it is either a right one, paſſing through f 
both the Poles, as the Meridian; or an Oblique one, having One 


of the Poles elevated. „ | | 

3. The Obligue one is, ſometimes, the ſame as the Horizon of 

the Place; and conſequently, the Elevation of the Pole is the ſame: f 

But, when it is different (which moſt commonly happens) you 

muſt firſt enquire how much One of the Poles is Elevated above fe 

the Hor:zon of the Star But if a Star be | - 

3-4 Oriental, North,) (EI. 

III. Iv. FT nation, ) North, ( Fig. III. 

OF . ).--. South,, Fig. IV. 

In the Triangle POS, or P H S, for the Situation of the Sr il 7: 

above or below : There is 5 h 


Fr The Side P O, or P H, the Elevation of the Pole at 
inn. $Id on ñłꝶc 8 
2. The Side P S, the Complement of the Start Decl. 
nation. | 


m— 


2 
Given. J 3. The Angle 8 P O, comprehended between them fte ( 
J (whole Meaſure is the Arch of the Equator, which 
js intercepted between the Sides PO (PH) PS: 
One of which being produced, ſhews the Right 4: 
ſcenſion of the Star; the other, the Right A/cenfun 

— | 


0 W 


jou g 
| 


| 

7 

Ke 
* 


3 cite 5 be | 
Required, The Angle P O'S, or P HS. By C2/e III. of R. A. S. TI 
Again, In the Triangle RP O, or R P H, (which are in diff- Ce 
rent Hemiſpberes, when O or H (before found) are greatet ill c 
than a Quadrant or 90 d.) N e But 
There is Given, (1. PO or P H, the Elevation of the Pole. * 
beſides the ) 2. The Angle O or H, before found, (which — 72 
Right Angle) if it exceeds a Quadrant, is Complement top oe 
_ R, REL 180 d. * ; erve 


P, The Elevation of the Pole above the Horizon of ia the 
4. Having found the Elevation (by the Third beforegoing) th the 


7 „ 


Wy 75 
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2 


" . 55 C.OOtriental, the Aſt. ) Rg. L. E = 
a when the Horizon hath any Star that is & Occidental, the 5 Obi. I. II. 
2 c/o Gn . 
85 both of the Significaror and Promiſſor. 53 "I IV. 
. Having (Sig /icators Pired, 1 a 
— und out the Promiſſor, to whom the > Aſcenſion or Deſcenſion 


| Retrograde is Directed) 15 

for the Horizon of the Star Let the Right one, or the Oblique _ 

one, be ſubſtracted from the like Aſcenſion or Deſcenſion of the = 
other Star (adding 360 d. if Need be) the Remariader is the R 

of Direllion ſought for. ERS r 


7  FROB, II W 
The Ark of Direction of any | Significator being given; 15 fd 
tow far it mi ,,, od 071 3h 0 RE 


"HIS is bur the Conyerſe of the deren, Therefore look 
for the Elevation of the Pole above the Horizon of a Dirett 


you 
ove 


Decl. gui ficator, as 2 and at that Elevation you will get (by the 3d.) 

| Ana: cenſion 5 77 Oriental. : 

ay be Oblique 5 5 cſcenſo „For the lame Sinead) etal LC 

„en F 8 2 add the given Ark of Drrelliom, fo will 

enfon ¶ Nou get the Ohlique Na To which find what Degree of 
e Ecliprick anſwers (being counted from the Elevation of the 

1. S. Te above the Horizon of the Significator) which is the very 

\ diff oe to which the Ar is D:reHed, and to which the Significator 
a ERC | -— = 

— But ſubſtract the Ark of Direction given, from the Right Aſcen- 

n of the Retrograde Significator, and there will remain the 
"1: vice of the Æguator, which is found out by: the Retrograde 
(hic gntficator, by Direction, tending to the Promiſſor: The Circle 


f Poſition paſſing through this Degree (which ought well to be 
erved). will be the Horizon of the Promiſſor: Above which, 
the . = Pole, 8 For, if that Degree fall- 
| orth, Fig. I.  SEaſtern To | 8 
wo > South, Fig. II. & che 2 Fezen e _ of — * 
em ho North, Fig. III. Tin the Triangle 
ind cator inclining” unto they gb, Fig. I. I FO Ser F IS. 


266 
Fig. L. 
1 11 . 

III. IV. 


Below. 
the Æguator, not from the Right Aſcenſion of the $ ignificatur. 


ig of, * at the Medium or num Cel) 1 leck for the Angle | 
O or | 


| tion of the Pole above tlie Horizon of the Promiſſor : At this E 


For the Situation of the Degree 3 whether Above 2 


From the given Angles, as above, (the Angle P being counted} in i 


bur from that Degree which hath, oftentimes, been taken notice ; 


And moreover, in the other "Triangle, R P, the very Eleuas 


levation of the Significator, if you obſerve that Degree 


Oriental Aſcenſion. 
3 5 157 will gain the Obige D eſe Yo 0 Frommhid 


take the given Ark of Direction, and the Remainder will be the 


_Obligue Aſcenſion, + to which the Degree of the Ec/rpiick aꝶ 


Deſcenſion, 
ſwers, (but it muſt be counted from the Elevation of the Py 
above the Horizon of the Promiſſor) and is the very Place, to 
— the aer will TY by this Ark of Direttiar gives 


{4 


The End of the Aſtronomical Problems. ; 
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ANCILLA MAT HE MATIC 
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metria Practica. 


Trigono 
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SECTION v. 


— 


O F 


CIOGRAPHIA, 
DIALLING. 


HAAR L= 
Of Dialling iz general. 


F the Mathematical Sciences, I know none more Inge- 

3 nious and Uſeful then This of the Deſcription of Sum- 

” Dials upon all forts of Plains howſoever ſituate : Nei- 

r is there any thing that draws more Admiration from all 

wing Men; then to ſee ſtreight Lines drawn upon a Plain at 

qual Diſtances to meaſſire out exactly the Equal Diviſions of the 
of an Artificial Day : For, although the Sun appears in 

erent places of Heaven, according to the different Seaſons of 

Tear , yet, the ſame Streight Lines, do ſtill determine the ſame 
v, at all thoſe different Seaſons. And as this Science is of ſuch 

As 7 Excellency 


267 


„ h Ancilla Mathematica: ? | | 
Excellency and Tie, I ſhall in this Section, briefly ſhew (and that 
by an Artifice not uſually practiced) how ſuch Hour-Lines may 
be deſcribed upon all Plains in any part of the World; And that 
by Trigonometrical Calculation, as well as. by projecting the Circhh 
of the Globe upon a. Plain. „ | 
Now, All Plains have a particular reſpect to ſome Port, in the 
Latitude of that Place in which they ſtand : Wherefore, ſome 
particular Face muſt be aſſigned for Exemplifying the fame, in al 
the Varieties. We will therefore take London, the Metropolis of 
Eygland (which is ſituate in 51-deg. 30 m. of North Latitude) fo 


our Examples following. 
1 5 | 
! EO oO nmr m_ 
& H A P. It 1 ar 
Of the Diverſity of Plains, upon which Hour-lines ay b f 
deſer ibecl. © B „„ at 3% ùð VNN 8 
T „„ | call 
A LL Plains upon which Sw-Dials may be made, in any LM the. 
itude or Place of the World; are ſituate either B 
Parallel oo" . _ | Vet 
Perpendicular, > To the Horizon of that "Se 
Oblique VV „ ve 
Place (or Commtry) in which they are. made. And, of the N 
I. A Plain that lies Parallel (or Level) to the Horizon, Ts calle 
an * Plair, for tlie Latitude of that Place in which it i 80 
to ſtand. Do „ 0 
II. Of Plains that are Perpendicular, or Ereò, to the Hoizu Ne 
there are ſeveral Varieties. For, of ſuch Plains, if the Face ther And 
of doth directly behold the „ may 
Eat 2 | | Only 
5 Weſt 1 : OT, 
NortbC . 2 
South der. 
herein | 


2 
- 


theſe 


calle 
h it i 


ix 


there 


2 85 
41 "NE. 1 I 


Abt if ach, Bol late de noe Ea, Wit, . 


= or South Points: of 1 Ain they then will behold 
either | : 
ont b. Ea. Þ | 
5 South-Weſt 
North-Eaſt 
North-Weſt 


15 orth TY Ext :- 
i dera . Plans Dec r 

South y eſt. . 

III. Of Plains * lie Obliquly to the Horizon : (ſuch 2 as 5 the 
Roofs of Houſes, the Cooping of Walls, &c.) are called Reclining 
* And if ſuch Nlaius do behold the direct 

Weſt 

North 

South \ | | 
called Direct E aft, Weft, North or r 8 outh Plans: kahl. from 
the Zenith of the Place 1 in which ſuch Plain ſtands. 


But if ſuch Reclining Plain doth not reſpe& the 10 Eaſt, 
V:f, North, or South Points, then they will he open either to the 


l then hey Sc 1 


Paints of the Horizon: They are then 


South-Eaſt ups b | 2 it- _ 3: Hits } 
-W „ 
wut Fest h And then they are led + 5 
North-Weſt 
South ? SEaft 5 

or Reclining Plains : Died 5 
| North). Weſt. 


And theſe are all the Va arieties of Plarys, "upon which Hour: Lines 
may be deſcribed. 


Only note „] That all Reclining Plains whatſoever; whether Direct 


or Declinog, have Two Faces; the Upper-Face, which beholds the 
Zenith of the Place, is called the eclining Plain ; And the Un- 
der-Face , which beholds the Horizon 27 the Place, i is called 
the Tucliner: And one and the fame Dial ſerves for both Places. 


- CHAP; 


Aa a2 


„% Au liabe. 


How to find the Situation of any Plain, in reſpe® of De. th 
clination and Reclmation, in any Latitude. — 
I. To find the Rechnation. | — 


Fie. LI. Definition. HE Quantity of the Reclmation of a Plain, i 
g . T the Arch of = Vertical or Azimuth Circle which " 
is perpendicular to the Reclining Plain, comprehended between the I | 
Zenith of the Place and the Plain. )%%%CCͤ0X]ͥ 
- To find which, let A B CD repreſent ſuch a Reclining Plain: 
- Draw, firſt, thereen, by help of a Ruler and Quadrant, a Right 
Line G H, parallel to the Horizon of the place; which ſhall be 
the Horizontal Line of the Plain. Croſs this Line G. H, with ano- 
ther Right Line K S at Right-Angles to it; which Line K S ſhall 

be the Vertical Line of the Plain. Un 
Jo this Eine K S, apply a ftreight Ruler K L: And to that 
end of it which lyeth clear of the Plain, as at L; apply a Gus 
drant O E P, having a Thrid and Plummet hanging from the 
Centre. Then ſee what number of Degrees of the Quadrant are 
contained between O and E; for ſo much doth that Plain Re. 
cline from the Zenith of the Place; and is the Reclination-of the 

Plain. % 5 
H. To find the Declination. . 

Deſmition. T HE Declination. of a. Plain, Is an Arch of the Fo- 
| rixon comprehended between the Pole of the Plain, 
and the Meridian of the Place. — Or, It is the diſtance of the 
ry - ſelf, from the Prime Vertical Circle, or Azimuth. of. Eaſt 

or Weff. 5 l AE 
To find out the Declination of any Plain, there are required 
two Obſervations. to be made by the Sun, both at the ſame Time, 
as near as may be. The Firſt, Of the Horizontal Diſfunce of 
the Sim, from the Pole of the Plain.—And the Second, Of the Sin“ 


Attitude. 3 5 
* I. To ſind the Horizontal Diſtance. 
nr one Edge of the Quadrant to the Horizontal Line of the: 
Hain, ſo that the other may be Perpendicular to it; and let the 
LTinꝭ of the Quadrant be towards the Su. The Quadrant thus 


* 


applied 


s of Didllitg. . 5 —_ 

replied to the Plain, and held Level (as near as you car conje- Fig, LI. 
40 hold up a Thrid and Phmmet at full Libert , near the Limb- 
of the Quadrant; ſo that the Shadow of the brid may paſs 
through the Centre and Eimb of the Quadrant - And then. 
obſerve the Degrees cut by the Shadow of the Thrid in the 
Limb of the Quadrant; and number them from that ſide of 


the Quadrant, that ſtandeth Square or Perpendicular to the 
Plain > For thoſe Degrees are the Horizontal Di Ramos ſought: 


for. 

"5 To To int the s Sun's Meitude, 8 | 
Hold up a Oradrant with both your Hands, turning the Left 
ſde of your Body to the Sun; then raiſe u 3 preſs the 

Quadrant, fo held, till the Sum ſhining through the the ob i in that 

Sight which is neareſt the Centre, do caſt its Beam of Ligbt upon 

he Holz in the other Sight fartheft from the Centre : And at ſuch: 

time mark exactly what Degrees of the Quadrant are cut by the 

Thrid , for thoſe De „ 2 are the Sims Altitude at that tim. 

The Horizontal iſfance, and the Sum s Altitude thus Obſerved, 
at the ſame inſtant (as near may be) will help you to the 
Hains Declination; by the Rules following. For, 

. By having the Sun's tude, ou may find the Sun 's Arimmt h, 
79 in PROBL. IX. of the UG of the Celeftial Globe in Afro 

nomy : And by CASE XI. of O. A S. F. Then, 

l. When you wats our Obſervation of the Horizontal Diſtance z; 
Mark whither the Shadow of the Thrid did fall between the 
South, and that Side of the Quadrant which was * 

lar to the Plain: 

Firſt. If the Shadom fall between them: Then the Sun's: 
Azimuth from the South, and the Horizontal Diftance added 
together, do give the Declination of the Plain: And (in this. 
Caſe)the ' Declmation is unto the ſame Coaſt with the Sun's Arie 

mtb; that is, Eaſtward, if the Obſervation were made 1 in the 
Forenoor or Weſtward, if in the Afternoon. 

Secondly. If the Shadow-fall Not between them: 5 
Then, The > Difference between the Sun's 4zimuth and Hori-- 
⁊ontal Diſtance is the Declination of the Plain And in this 
Caſe)-----If- the Azimuth be the Greater of tlie two, then the 
* Declines to the ſame Coaſt whereon the dm is; But if the 

H. Diſfunce be the Greater; then the Plain Declines the contrary. 


vaſt. Y 


And! 


— 


* 


17 | Ancilla Mathematica. 
Fg. LI. And here Note] That the Declination thus found, is alway 
0; * - accounted from the South; and that all Declinations ale 

counted from either North or South, towards either Eif 
or Weſt - And muſt never exceed go Degrees. 
I. If therefore, The Degrees of Declination do exceed 90 dex, 
you muſt take the reſidue of that Number to 180 deg. and 
that ſhall be the Plains Declmation from the North. 
II. If the Degrees of Declmation exceed 180 ; then the Exc 
above 180, gives the Plain's Declination from the North, to. 
wards that Coaft , which is Contrary to the Coaſt whereon the 
Sun was, at the time of Obſervation. 353 


— 
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CHAP IV. 


"How Hour-Lines may be deſcribed upon an Horizontil 1 , 
Plain i any Latitude ; viz. of London, 51 d. 30m WM, 
5 | 1 5 8 Sto 


g T I / : --:+ 
I evate the Globe to the Latitude of the place for which ya 
LL would make your Dial, (ſuppoſe for- London, in the Latitudt 
of 51 deg. 30 min.) Then bring the Vernal Equina&ial Colm 
(which is the firſt point of Aries alſo) to the Meridian, and (i 
you will) the Þdex of the Howr-Circls to 12. This done, 


1. Turn the Globe about Weſtward, till the Hour-Index points ai 2. 
I a Clock, or rather [till 15 degrees of the Equinoctial come tayoint 
be juſt under the Meridian] and there keeping the Globe, look u point 
on, the Horizon how many degrees thereof are cut by the Equi point. 
noctial Colure ; which you ſhall find to be 11 deg. 30 min. whicparts. 
* 1 Ie 5 ſet down in a little Table, as ydu ſee here i PR 
| . © 4 done; for this 11 deg. 50 min. is the-diſtancſnl pc 
Latitude 57. that the Hour- lines of II and 1 a clock are di points 
a 4. 2] ſtant from the Meridian upon the Dial Plain. te N. 
12 {| c0-0c} 2. Turn the Globe more Veſtward, till 31 La. 
1 7 |] 11-50]: degrees of the Equiyo@;al comes to the Andie! 
jo 2 [ 24-29] dian, and then ſee what degrees of the Hort EL 
9 3 |] 3®- 3] -z0n are cut by the EqyinoGial Colure; while 51 « 
| 8 4 || 53-35] you will Sad whe ne 20 min. which nome. 
47 55 1 71. A down in a Table as before, for that is the Hu 
L __1] 90. o difance of 10 and 2 a clock from the Meridis 


3. Tur 


Way 3. Turn the Globe fill, /iward,” till 45 degrees of te 


dan, which is the diſtance of 9 and 3 à clock. 


1 the I The Geometrical Conftrudion of this Dial, in order to the Trigome-. 
WH. trical Calculatio ß. VVV ö 


1. With 60 Degrees of a Scale of Chords, deſcribe a Circle re- Fx. 
*— eſenting N Dialplain, and Horizon of the Place, (viz. Lon- LIL. 
dn.) Crols it with 2 Diameters 8 N, repreſenting the Meridian | 
of the Globe, and Hour: line of XII; and the Line E W, for the 
ontall Eo-line of VI : then will Z repreſent the Zexith of the Place, and 
ee the Centre of the Daker 8 — TO Eft 
*. 2 The Latitnde of the Place being 51 d. 30 m. Set them from 
Sto a, and from W to b: Then a Ruler laid from W to a, will 
crols the Meridian SN in P, the Pole of the World : And laid 
from E to b, it will croſs the Meridian N 8 in A, the interfecti- 
om of, the Meridian and  Equinodjal. And now+you habe three 
Points, viz." W, E, E; througk which you may deſeribe the 
Equinoctial Circle W E, whoſe Centre will be at c, always in 
lome part of the Line N, Extended, if need bee 
3. Divide the Semicirle WN E, into 12 equal parts, at the 


"me points © © ©, Oc. And laying a Ruler to Z, and every of thoſe 
ok un points O O ©, it will. croſs the Aiquino@ial Circle W AE, in the 
Equfhpoints * *, Oc. . dividing that. Semicircle into 12 unequal 


„ 5 

4. A Ruler laid to P, the Pole of the World, and to the ſeve- 
al points * * , Cc. it will cut the Circle of your Hain in the 
points 1, 2, 3 Cc. on the Eaſtſide of N, and 11, 10, 9, &c. on 


till 3 Lafth. If you lay a Ruler to the Centre Z, and the reſpe- 
e Meriave points 1, 2, 3, c. and 11, 10, 9, Ec. they ſhall be the 
Hue Hour- lines belonging to an Horizontal Dial for the Latitude 
whicqhof 5 1 de. 30 m. And their reſpective diſtances from N will be the -. 


mg ame as in the Table they were found to be by the Globe. 
e Hun ß RS EAN | | 
= 8 _ DL Fx 


ſeridia 


3. Tw 


ky 


Ancills Mathematica. 


IN. By Trigonometrical Calculation, ks 80 
In theſe Horizontal Dials, there is nothing to be found by ca. 
culation Trigonometrical, but the Hour-di Wu ** the Plain from wy 
the Meridian; for which, This is our 
The Canon for Calculation oa 
As the Sine af 90 de. 

Is to the Sine of the Latitude P N, 51 4 30 m. 
So is the Tangent of 15 d. (the zquinodkial Diftance of One hour; ; 
of 30 d. for Two hours; of 45 d. for Three hours, &c.) To 
To the Tangent of 11 d. 50 m. for 11 and 1--- of 24 d. 20 m. [ 


for 10 and 2---- for 38 d. 3 min. for 9 and: 3, c. as in the 

Table, before found by the Globe. | 
So have you all the Hour-lines between 6 in the morning and 
6 at night; and for the Hour-lines of 4 and 5 in the morning, 
and of 7 and 8 at night, draw the ſame Lines before and after 
6, through the Centre, as in the Figure, and they ſhall be the true 
Hour-lines : And ſo is your Dial fin ſhed. 

The Stile muſt ſtand . at 12 of the clock, not inclinin 
on either ſide. 

And in this manner may you deſcribe Hour-lines upon an 
Horizontal Plain in any Latitude. 


FEY 


CH AT; V. 


Ehm to deſcribe Hour-Lines pon an Ere& direct South 
Plain, ix the Latitude of London, 51 deg. | 30 n. 


N Erett Direct South Dial, in any Latitude, is no other 
than an Horizontal Dial in that Latitude, which is equal 

to the Complement of that Latitude in which it is an Erect Dire 
South Dial: So that an Ered Direct South Dial in the Latitude of 
51 d. 30 m. will be the ſame as an Horixontal Dial in the Lati- 
tude of 38 de. 30 m. which is the Complement of 51 de. 30 
m. S0 that the making of ſuch a Dial, both by the Globe and 
by Tri. Calculation is the ſame witk the other, only inſtead o 
51 de. 30 m. Latitude you ſet your Globe to 38 d. 3 m. and ſo 
in the Calculation alſo: But 1 in theſe Dials there needs no Ho 
n 


N a 9 ee > ** n ; e 2 a * 
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Je * 1 * 9 * 1 N 3 Fax". YL * * . 
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4 . N RAR $8 29%, 9 
, — 
« 33 - * So ©: &, _ 
% 2 3 by 
8 - - « # 
4 
* 
4 - N Xe 24 * 3 
4 5 5 2 ö ; A 
£ "Os 
* 


Lines t to be A ee; ker tat the Sun nerer 1 


Shines upon them before s in the Morning, nor after 6 at Night, LIII. _ 4 
al- The 864 of theſe Dialt muſt ſtand upon the Ho- Line of -_ = 
m MW and muſt ant Gowns towards t aac * "A in i. 

gure LIII. | OS | 8 

"CHAP. VL 1 3 : 


7s make an Bus Borel North Dial, in cle Latitude * 
Lan SE de. 30 . 7 


HE North Fre Dire Dial, this Nas with the South, on- Fig. 


nd ly the Stile muſt point upwards! towards the North-Pole, "and LIV. 
— the hours about Midnight, as 9, 10, 11, 12, at Night; and 1 


:and 3 in the Morning muſt be left out, and 4 and 5 in the 
Morning; and 7 and 8 at Night muſt be drawn turen 
entre: S0 1 is your North-Dial all o finiſhed, E in Fig AQ | 


ung ; 
55 . — — — . 
| an 7 

"CH AP. «VI 


7 vale an | Eres Dives Eaſt or Welt Dili. the Latitude 5 i 15 * 
J hank — . | _ 


HE Glue reftified to the: Be Yo Talk to Ol the E. W 
1 23 of Altitude in the Zenith: If you turn the Qua- "IV. 
amt of Altitude fo about till the graduated edge thereof do be- W 


other l 
equal ald the direct Eaft or Veſt. points 25 the Horizon, you ſhall find — 
Dire What it will lie in the very Plain of the Meridian Circle, and ſo „ 
de of he Pole will have no elevation over it ; for turning the Globe no 
Lati- Ne Equino#ial Colure will not cut the. nadrant of Altitude in any B 
. 30 ricular degree, but it will cut all the degrees thereof at tie — = 
and me time; wherefore the Hour- lines of theſe Plains will make no | - _ 
ad olle, at'the Pole; and therefore muſt be parallel one to the — 
and ſohch the Globe evidently demonſtrates, but will not conveni- 
Hour. * give the * diſtance of each * . * being 
8 B b b | Leer Ee 

* 


bo for the Hour-line of Eleven. 


| wall Arch of a 2 as H K, and upon it (aluays Ad 5 


ous: which points, if. 
Hour- line of 6, they ſhall 
of the Clock, the Hour-lines-of-6 and 11 being drawn before 


and thus is your Dial finiſhed. 
levated ſo high as-is the — of the Line 


required in the making of theſe Dials and eee © Thal in 


B D, for an Ea Dial, or of A C for a N wit 


1 DAS ok. the, n 


* N 33 TX” : D . 8 * 
W l TYM * . I 9 * — = 7 

* 8 4 LY * 9 F 

* 8 

W 8 * N 3 * 5 
* = * 
3 
* : 
nei 4. ah emer . 


nearer or farther off each other rding? ie tile is. propor 
tioned to the Plain, which I ſhall n now comato ſhe ). 
For the Reaſons aforeſaid, there is ng Tyigonometrical Calculatitf 


ceed t to. : q 


- 


II. The Geametrical — of th Dials. 


Let the Plain upon which you would make an Eaſt or V; T7 5 
al, ASCD  - 
1. Upon D (or any where towards 5 lower art of the Li 
60 de grees d | 
your Chord, deſcribe an Arch F G, upon Which ſet the Comgls 
ment of the Latitude of the place viz. 38 deg. 30 min. fre n 
F to G, and draw the Line D GE for the Equino@ial.. 
2. Towards the upper part of this Line, as at P, aſſume 20y 
int, and through it draw the Line 6 P & per endicular to th 
po uinoctial, for. the Hour: line of Six. Iſd, towards the lou 
rt of the fame Line; aſſume another point as L, and. through 
it draw. the Line 11-L II PINE: alſo to the Kali 


point Is defer 


3- With 60 degrees of your Chords, u porithe 


dei 


grees (or one hours diſtance) from ¶ to K. and draw the L x 
L. | 


K M, cutting the Hour - line of Six in M. 
your Chard, > 


1 4 U pon Maas à. Centre, with 60 degrev'of* 

ſcribe an 12 of a Circle N O, which divide into five Gale 

in the points O © © O. 
5. Lay a Ruler upon M, and achpf theſe points © © v 

and the Ruler will cut the Eguinoct int line E D in the points * 


he draw Right Lines-parallel tot 
the Hour-lines of 7,.8, 9, and I 


6. For- the Hour - ines of 4 and 5 im the Morning, before 
they retain the ſame diſtanee from 6, as do thehours of 7608 


The Stile muſt. ſtand = upon ohio e 56 6% We bel 


MP, and may-citly 
be a Pin of Wyre, or a Plate of Braſs or Iron. Tl 
The. We Dial; is the lame, with ” ah only changing 
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J, 5, 6, 7, 8, 9, 10, II in the Morning, in the E bra LV. 

5 | Muſt be changed to Fn Re __ 85 ; 
3, 7, 6, 5, 4, 3» 2, I in the Afternoon in the Weft Dial: _ 
= Which is all the difference. 5 . 
; | ; | wu 45 i 
To make an Erect Dial, declining from the South, Eaſt» | 1 
KC ward, or Weſt-ward ; 30 degrees iu the Latitude of SI _ 


deg. 30 min. | 


= OE i L. By tbe Globe = 
HE Globe being Rectified to the Latitude of the place, the Fg. 
. Bnadrant of Altitude in the Zenith, the Index of the Hour-Cir- LVE 
ce at 12, and the Equinoctial Colure brought under the Meridian; | - 
I. Count the Declination of the Plain upon the Horixon, from = 
the Eaſt or N eſt- points thereof (according as the Plain declines.) 5 
towards the South namely, 30 degrees; and to that point of 
the Horixon bring the Quadrant of Altitude, and there keep it. 

2. Turn the Globe about till the Index of the Hour-wheel cuts N 
J1 of the Clock, or rather (as I faid before) till 15 degrees of 41 
the Equzno@:al have paſled the Meridian, and then ſhall you find - 7 SOR 
the Egninoctial Colure to cut the Quadrant of Altitude at 9 deg. 59 © - 
min. if you count the degrees from the Zenith point downwards. 
3. Turn the Globe farther about, till 30 degrees of the Equi- 
wil by paſt the Meridian, and then ſhall yon find the Colure to 
ut the. Quadrant of Altitude at 18 deg. 14 min. counted from 

e Zenith downwards as before. i i 
4. Do the like with all the reſt of the Hours, [|Hour-di- 
nd "3p ſhall find that at the ſeveral 15 degrees ron. 5 | 1 
It the Equinoctial, the Equinoctial Colure will 22 1 
it ſuch degrees of the Quadrant of Altitude as |——T 
eexpreſſed in this Table, if you count them 12 oo oo 


om the Zenith downwards, as is before directed. fi: 2] og 30 
=. 7 gone; > I "hs | 
'5. Bring the Quadrant of Altitude to the o- + 2 55 
er {ide of the Meridian, and ſet it to 30 de- |» 544 5s 

tes, the Plains declination, counted from 2 by 37 49} : 
Sg 76079 "2 


{ 
4 


E Eoft-or Weſft-points Northward, as you did 
= | . B b b 2 


| | Aucilla Mathematica. 
before towards the South, which will be in the juſt oppoſite 
VI point of the Horizon to which it was before; and alſo, bring the L 
Equinoctial Colure under the Meridian. Then, 1 
6. Turn the Globe about (the contrary way to what you did 0! 
before) till 15 degrees. of the Equinoctial be paſt the Meridia, i ft 


and then ſhall you find the Equinoctial Colure to cut at 12 deg, Wl * 
23. min of the Quadrant of Altitude counted from the Zenith. tf 
—ĩ— And fo continuing turning the Globe about H 
| Hour-di-] till 30, 45, and 60 degrees. of the Equinodj th 
urs | ſtances al have paſſed the Meridian, you ſhall find, 
—_ ME ( | . 
oon. Plain. the Equinoctial Colure to cut the 1 sn 
7 m. Altitude at ſuch degrees as are expreſſed in th 1 
12 oO OO Table. | — 8 | It 
1 The Hour-diſtances upon the Plain being th 
6 4 | 0 4 attained; there are two other requiſites. in ali 4: 
E b 8 „% upright declining Dials alſo to be found by th det 
N Globe, before the Dial canbe finiſhed. Namely . 
3 on | | 7; 
1. The diſtance of the Sub- tile from the Meridian. and 
2. The height of the Pole above the Plain, or the height of thi "1! 
Stile above the. Sub-/tile. FFC : 
5 15 8 | Pr teri 
5 To find both which, _ ©; 
Bring the Eguinoctial Colure to the. Plains declination 30 de oft! 
grees counted upon the Horizon from the South-Eaßward; and thi 6. 
Quadrant of Altitude to 30 degrees counted in the Horizon iron the 
tſie Eaft-Northward : So ſhall the Quadrant cut the Colzre at R K = 
Angles. And 5 | 8 J 7. 
The number of degrees of the Quadrant contained between 70111 
this Interſection and the Zenith (which here is 21 deg. 41 min) I the 7 
the diſtance of the Sub-Hile from the Meridian. And the degreqꝗ and 
of the Calure contained between this Interſection and the II 8. 
(which here is 3 2 deg. 37 min.) is the height. of the Pole abo Pon! 


the. Plain. 


II. The Geometrical projection of this Dial, in order to the T1 
gonometrical Calculation of the Hour diſtances and other Requ 
tes belonging to ſuch an Erect Declining Plams.. 

I. Upon the Point Q, as a Centre, with 60 de. of a Scale « 
Chords, deſcribe a Circle, repreſenting your Dial Plam: An 
croſs it with two Diameters Z N 91 the Vertical ; and 
Q © for the Horizontal Line of the Plan. . 2. 


2. Set 30 deg. the Hains Declination, from N to c, if the Plain E. 
Decline Eafftward, as int this Example ; or from N to e, if Veſward: LVL. 
Then lay a Ruler from E to e, and it will cut the Horizontal Line 5 
of the Plain in K, fo have you three Points Z, K and N, by which 
to deſcribe the Arch Z KN, repreſenting the Meridian of the 
Place. And to find the Pole thereof, ſet go de. from c, to d, and 
then a Ruler laid from EZ to d, will cut the Horizontal Line 

HO, in W., whichis the Pole of the Meridian Circle L K N: and 
the Weſt· point of the Horiz. e 

3. Set 51 deg. 30 m. the Latitude of the Place, from O to a, 
and from N to h: Then a Ruler laid from W to a, will croſs the 
Meridian in P, the Pole of the World : And laid from W to 5, 
it will croſs the Meridian in , the point through which the 
Aquinodial Circle is to paſs : And now you. have two points W 
and A, through which the Æquinoctial Circle æ A # may be 
deſcribed (by the XXI Geometrical Problem, Lib. 1.) © 
4. Through P, the Pole of the World, and Q, the Pole of the 
Plain, draw the right Line PQ, for the Axis of the World, 
and Sub-ftilar Eine of your Dial: And in this-Line (extended) 
will the Center of the Æquinoctial Circle » Æ æ be found. 

5. From P, the Pole of the Forld, lay a Ruler to , the in- 
terſection of the Meridian and Æquinoctial, and it will cut the 
Plain B: At this point B, begin to divide the Semicirele HNO 
of the Plain, into 12 equal Parts, at the points O © ©,.&c. 

6. From Q, (the Pole of the Plain) lay a Ruler to every of 
the points O © , Cc. and it will croſs the Aqnmodial Circle + 
Eæ, in the the Fant: FF): on a 

7. Lay a Ruler to P (the Pole of the Forld) and every of the 
points * *, Cc. and it will cut the Primitive Circle repreſenting 
the Dial Plain, in the points N, 9, to, 11, Ce. onthe Weft fide, 
and N, 1, 2, 3, c, on the Eaff fide of the Meridian. | 
8. Laftly, Lines drawn from the Centre Q through theſe - | 
points, ſhall be the true Hour- lines of an Erect Plain Declining from 
the South-Eaftward 30 de. in the Latitude 5 1 de, 30 m. And now, . 


Concerning the other Requiſites belonging to this Erect Decli- 
mm — 1 

Theſe are all of them repreſented to the Eye in the Scheme tb 
the Projedtion of the Plain : Wherein, by the interſection of the 2 
ral Circles there is, conſtituted a Right- angla Spherical Triangle Z TP, 
_"_— = © 


a |. Ancilla Mathematica. 
Fig. 3 J is the diſtance of the Sub-/tile from the Meridian. 


LVI. T he ſide ZP the Complement of the Latitnde of the Place. 
| TF the berght of the Pole above the Plain. 


* 2 T, the Comp de of the Hain Declination,” | 
The ad Z P CT, the Dlain's s difference of Loygitude. 
92 2 T P, is a Right Angle. 


And all theſe Sides and Ales may be meaſured upon the Proj je 
Ciion it ſelf, by the Precepts deliver'd in the firſt Book, Sed, it. 

of Spherical Trigonometry Grometidcall performed by Projection, And 
they uy be found to be as here expreſſed, viz. 


| de. m. ele. . 
Z T-—21----49 PZ 1 — 60-00 
"_— Z P——38---30>Angle Zz P T——36---25 
1 P——32----36) 21 90 —— —ͥ 


And now I ſhall ſhew how all theſe may be found 
By Trigonometrical Calculation. 
Before any Ere& Declining Dial can be made, there are Thr: 
things which muſt be found, beſides the Hour-diftances, and thoſe 
are theſe 
1. The height of the Pole (or Stile) above the Plain. 
2. The diftance of the Subſtile from the Meridian. 
3. The Plains difference of Longitude. 
All which may be found in the Triangle Z T P: In which there 
is given (beſides the Right Angle at T,) 
6 I.) 1 — Angle T - P, the Complement of the Plains Declinatin 
5 60 deg. 
| (2.) The Side Z P, the Complement of the Latitude of the 
Place 38 de. 30 m. | 
By which may be found, 


J. The Side T P. The Height oft the Pole, or Stile, above the Plain: 
By CASE I. of R. A. S. J. | 
As the Radius, S. 90 deg. 
Is to the Side 5 d. zom. the cl 
So is the Sine of T Z P. the Co- declination 60 de. 
To the Sine of T P, 32 deg. 26 m. 
Which is the e height of the Pole (or Stile ) above the Plain. 


II. The 


W Of 2 281 r: : 
I; The Side 2 T, The Diftance of the fir from the Meridian: LVL. 
By CASE II of R.S. T. 
As the Radius Sine 90 de. | En 
Is to the Tangent of Z P, the Co- Latitude 38 d. 30 m. 
80 is the Co. ſine of T Z P. 20 deg, 
To the Tangent of Z T, 21 de. 40 m. 
Which is the Diſtance of the Sub. eil from the Meridian. 


II. The Angle Z P T, The Plains difference of L ande By 
Gent ofR 4&7 r of Log i 
As the Radius, | | 
Is to the Tangent of the Declination T Z p, 60 1 | 
So is the Co- ſine of Z. P, the Co-Latit. 51 de. 30 m. 
To the Co- Tangent of TP 2, 35 de. 25 m. 
Whichis the Plam's difference of Longitude. 


Theſe three Requiſi tes being thus found by DN 7 
Calculation; The Plain's Difference of Longitude 36 de. 25 m. 
falling between 30 and 45 deg... (which are the Second and Third 
quinoctial Hour-diſtances) there will be contained therein two - 
compleat Hours, and 6 deg. 25 m. over: which ſhews that the 
Sub-ſtilas Lineof the Diat will fall between the Hour-Lines of _—_ 
IX and X in the Morning (in this Eaſt Dial) but between the - 
Hour of II and III in the Afternoon if the Plain had Declined ; ; 
Weſtward z 

Having proceeded thus far. Prepare a a Table 4 Hours fit for 
the Plain, ſuch as is here done. 


76h 
oe 


ere 
01, 
the 


in: 


42 


Ten againſt XII, ſet the Plain: 


able of the Hour D 
or a Shut h-Dial, 
Declining Eaſt or Weſt , 
30 deg. In the Latitude of | 
| 51 deg. 30 mim. 


ftances, 


main 21 d. 25 m. which ſet againſt 
NI. and I: And from 21 d. 25 m. ſub 


— — — 
7 


Stiles height 
Diſtance of th 


Sub-ſtile and 
Meridian. | 
Difference of Long. 36. 
1 
95s Inoctial 
S | Hour 
hy Diſtan- 
A „ 
» 23D. N. 
V VIIIIS3 
VIS 
* VI 33 35 
I V138. 33 
VIII | IVI23 35 
X IIII S 35 
IX II 
N 
| XII 36 
XII51 
II X66 
III IXI31 


1 ſtract 15 de. and there will remain 


I. And (becauſe it is leſs than 15 


gainſt the Hours of IX and HI. Then 


againſt VII and IV: And thus, b 
the continual dition of 15 F< 
you ſhall have ſuch Afqumo@:al Di. 
ſtances as in the Table: Which Ta- 


To the Sine of the Stiles height 32 d 


— 


tial Diſtance 6 d | ET 
To the Tangent of 3 deg. 28 min. Which is the Diſtance of 
the Hour. lines of X and II. upon the Plain from the Sub-ftile. 
And fo will the Tangent of the next Aquinoctial Diſtance 21 d. 
25 m. be, to the Tangent of 11 de. 56 min. for the Difance af 
the Ho- lines of XI and I, from the Sub- ſtile: And fo for all the 


reſt, as in the Table. And ſo you will find them to be in the 


Figure alſo. 


And in the ma 


Fig. LVII. 


25 m. 


king of this Dial, you have made four; as i 


Difference of Longitude 26 de. 25 min. 
(in the ſecond Column) and from it 
ſubſtract 15 deg. and there will re- 


6 d. 25 m. which ſet againſt X and 


de.) write the Word Sub-: ſtile over it, 


and ſubſtract it from 15 deg. and x 


there will remain 8 deg. 35 m. 
which write over Sub- ſtile, and a. 


to theſe 8 d. 35 m. add 15 deg. and 
and it makes 23 de. 25 m. which ſet 


ble, thus prepared, the next thing 
will be | 52 
To find the true Hour- diſtances up- 
dn the Plary, from the Sub-/ile, 
For which, This is 
The Canon for Calculation. 
As the Radius 


36 m. ET 
So is the Tangent of the Aquino 


Fo 


and from thence to Calculate the Requiſites from them Trigono- 


* 2 
* — > + 


e 
For, if you hold the Paper pon which the South-Eaft declinirg - Fig. MR 
Dial is drawn, againſt the Light, then ſhall you diſcover the Stile I VII. 


to ſtand on the Right-hand-of the Plain; whereas it now ſtands on 
the Left-hand; fo the fame Hour; lines, Subaſtile, Stile and all, be- 
ing drawn on the back-ſide of the Paper, and thoſe that are the 
Torenoon-Hours in the Eaſt-decliner numbred as the Afternoon-hours 


in the Veſt- decliner; that is, call 11, 1, and 10, 2, and 9, 2, Cc. 
as in the Tables; ſo ſhall the South-Dial declining Eaft zo degrees, 
become a South. Dial declining Weſtward zo degrees. 
And if you turn the Sonth-Eaſt- Dyal upſide-down, fo that the 
Stile may point upwards towards the North. Pole, (and leave out 
the Hours about 12, as 9, 10, 11, and 7, 2, and 3, which in 
North Dials repreſent 9, 10, and 11 at Night, and 1, 2, and 3 
in the Morning; all which time (in thoſe middle Latitudes) the 


Sun is under the Horizon) it will become a Nortb-Dial declining 


Eaſtward 30 degrees. 


Alſo if you turn the South declining VH. Dial upſide-down, 
and leave out the hours about Midnight, as 9, 10, 11, 12, I, 2, 
and 3, it will then become a North-Dial declining M Hard 30 
degrees. > * 5 Se ER 5 


Now for ſuch South or North Dials as do decline far towards , a 
Eaſt or Weff, as 60, 70, 80, or 85 degrees, there you ſhall find- . 8 
that the Hour-diſtances will fall ſo near together, that they will _-* 
be of no competent diſtance one from another, except they be ex- 
tended very far from the Centre; and therefore the old way hath ' 
been (in ſuch Caſes) to draw the Dial upon the Floor of a 
Room, extending the Sub. ſtile, Stile and Hour-lmes till they appear 
of a competent diſtance from each other, and then according to 
the bigneſs of your Dial-plam, to cut off the Hour- lines, Stils and 
Subsftilz., and ſo transfer them from the Floor to the Plain upon 
which the Dial is to be made: but this way being to Mechanical 
for an Artiſt to exerciſe, I ſhall therefore here inſert a more arti- x 
ficial way of performing this work Geometrically, hy which (al- = 
though the Dial ſhould decline 80 or 88 degrees) upon a quarter 
of a ſheet of Paper you may draw your Dial, and have the 5 
Stile of a competent height, and all the Hour-lines at a conveni- | | 
ent diſtance one from another. And ſo let this ſuffice to be ſaid}, 
in this place concerning Upright declawing Dial; for I intend not 
here to teach the Art of Dialling, but ſhew the Uſe of the Globes 


netrically, * © c 2 OMWAS 
(cc | 5 8 75 . 4 


' 
8 £ 


— 


| Aucilla NON 


CHAP. N. 


1 ſich Ere& South or- North Dial Plains, which 
decline. many d egrees towards: the Eaſt and Weſt. | 


I. By the Globe... 


HE Operation by the Globe is. altogether the Ame, as in 

1 PH: the laſt Chapter, and therefore need not be. here gif r re- 
peated. Wherefore, Iwill proceed to 
IL The Trigonometrical Calculation. | a 

This Work alſo is to be 2 in like manner as the For- 

mer: And therefore I ſhall not again repeat it, but give an Exan- 

Ple ready wrought. | 

+» Suppoſe an Erect Hain in the Latitude of London, 51 de. 30 ; 

m. ſhould decline from the South. towards the E af 8: 


V For -or fn the Requifite, if you work according to thoſe Ca 
 nons for Calculati on, in the laſt 1 delivered 3-you will 


2. 20 
de. m. 


Height of tlie Pole (or Lil above the Plain 3 06 
<Diftance of the Sub-/tile and Meridian >to tn 39 22 


Plain 1 8 of . 686 07 


Theſe 8 tlius. found, you 
may proceed to the making of a Ta- 
ls for the Ho- diſfances inall reſpects, 
as. in the laſt Chapter: By ſetting 
down the Hours 9 for the Dial 
in order, as in this 
Then, a gainſt XII, ſet the Dife-- 
rence 2 de, 86 d. O5 m., from 
— 1 Subferat 15 deg. and there 
will remain 71 d. oy m. which ſet 
againſt XLand I. And from 71 d. 05; 
m. ſubſtract 15 de. the — wil, 
be 56 d. of m. which ft againſt X 
and l. And fo by the cdntithant Sub- 


to Gi 


* 


— 


Eafvard, And with 60 
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radios of 15 deg. you ſhall find 11 de. 05 m to ſtand againſt Fg. N 


the Hours of VH and V ; under which wriſe The place of the Sub- L VIII. 


file And then, ſubſtract 11 d. of m. from 15 de. there will re- 
main 3 de. 55 m. which muſt be ſet under the Sub. ſtile, againſt 
the Hour of VI : And then, by 7 
15 deg. thereto; you ſhall have ſuch Æquinoctiol diſtances as are 


you 
expreſſed an the Table, againſt the Hours of V and VII, and Iv 
and VIII. Then 2 | 


II. For the Five Hour diffances upon the Plain If you work by 


the Canon delivered in this laſt Chapter, you will find them to be 


ſuch as are exhibited in the Third Column of this Table. 


the continual Addition of 


By this Table, you ſee that the Five Honr Diffances upon the ; 


Plain about the Sul ile (and indeed all the reſt, except the extreme 
ſo near together, that without a very large 


Hour of XII) do 
extention of them from the Centre, there will be no competent di- 


ſtance between Hoxr- line and How-lme : Wherefore, laying aſide 


to the follow ing Precepts. 
III. The Geometrical Projefion, of this (or the like) Dial: when 
the Pole hath but ſmall Elevatian above the Hain. | 


1. Draw aRight Line A B, perpendicular by one fideof your 
Flain, and 4 the * Hed becauſe hz Plain Jeckineth 


your Table, proceed to make your Dial Geometrically, according 


eg. of a Scale of Chords, deſcribe an 
obſcure Arch of a Circle C D E; and upon it ſet 38 de. 23 m. 
the Sub-ftiles diſtance from the Meridian, fo 

the Line AD, for the Sub-file. 


S 
LIX. | 'v | 


from© to D, and draw 


2. Take 3 deg. 6 m. the Stiles beight and ſet them from D 


to E, drawing the Line A E for the Stile of the Dial. 


3. Now {becauſe the Stile is but of ſmall Eleuation, yiz. but 3 


de. 6 m.) draw another Line G H, parallel to the Line of the 
Stile A E, at ſuch convenient diftance as in your judgment will 
beſt fit the Dial Plain, ſo that the Hours belonging to it, my 
come within the Limits of the Plain: So ſhall that Line G H, 


. % 


{ drawn, be the Aygmented Stil of the Dial. 
__ And, by the Sub-file, and this 4ygme ; 
Linef may be deſcribed (at conyenient diſtance) without 


any regard had to the Centre of the Dial, For, 


4. Aſſume any two points in the Sub- ti lar Line of the Dial AD, 
at ſome convenient diſtance from each other, as R and 8: and 
through thoſe two points, draw--two infinite Right lines, both 
ts | Ceca | ö 


nented Stile, the Hour- 


HS 386 Andills rde s 1 L 
Fg. of them at Right Avgles to the. Sub-flilar. Line AD.; as the Lins | 
LIN. Z RZ and X S X. 

5. Set one foot of your. Compaſſes in the Point R, and al 
the neareſt diſtance to the new Augmented Stile G H; ; and ſet thas 
diſtance upon the Sub-filar Line ftom.R to K. Alfo from 

the Point &, take the neareſt diſtance to the Augmented Stile G H, 
and ſet that diſtance alſo upon the Sub-filar Line, from S to LI 

6. Upon theſe two Points K and L, (with 60 de. of a Scale: } 
of Chords) deſcribe two Semi-Circles: and in either of them ſet off 
86 d. 05. m. (the Plains Difference of Loygitnde) from R to M. 

- and from 8 to M, both of them on the ſame ſide of the Sub- ile | 
Tine, on which the firſt Fes pendicular A B was drawn. "- 
Divide either of the Semicircle i into 12 equal parts (begin, J 

ning at the points M) at the ſeveral points O Q©, Cc. | 

8. Lay a Ruler to the ber, I., and to the feveral points. 
© © ©. Cc. the Ruler will croſs. the Line X S X, in the points 
2 be &c. —— Alſo, Lay a Ruler to K, and the reſpective Points 
© © O, Cc. the Ruler will croſs the Line Z R Z, in the ſeveral 
Points * e. 5 
Laſtly, Lines: drawn from the ſeveral Points * * * in the Line 
2 R Z, to the ſeveral points * *-* in the other Line X S X each 

5 $6.8 Correſ ondent, ( ch the Sub-ffilar Line will direct you); 
© thoſeLines 10 drawn ſhall. be the true Howr-Lines proper V4 the 
© Pla: And will be at a competent diſtance one one the other, 
as by. the Figure they do 9 the ſi ght whereof will be more. 4 
ſatisfactory than many Words. ; 
fals "tar = the making of "IN Dial, you have, made four 
Di. 


sen Denne W eſt 


= [4A ae 
= | C North Declining ( | . 8 : 

. | But you muſt change the Names of the Homrs: and place the Ki - 
| — the "olds = of Tide. of the Line A.B. for. the Tr Declinig 
15 turning the Dial upſide. downwards. for the 
= | Nentb de paves 10 that the Stile may point upwards to the North 
—_ - Pole; and the Hours about IN n WP * l 
IH I. ES. 4 
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Agaunft Tag. 256. 


Plate . From Faq. 25g. to Faq. 286. 


85 Dialling. - 
© H A PL * 


Of Direct 10 and North Declining Plains, 4 bor 
Hour-Lines AY be deſcribed ** then. ; 


Suc H Plains as do directly behold thed North point of the 


Trion, but do Rec line (or fall backwards) from the Zenith towards 


the Jacen, Tals talle d re & Direct Plains Reclining So ma- 


ny Dgrees as. the Reclination is: And of ſuch Plains there are 
Ax Varieties, Three of South, and Three of North Recliners All 
which may be Reduced | 8 New Latitudes, wherein they will . be- 
come Hains And conſequently Dials (or Hour Lines) 

may be deſcribed upon them both by the Globe, Spherical Pro-- 
. and Trigonometrical Ca Ealzrin, according to the Precepts 
fclivered i in the F ourth Chapter he reofs 


I. Of South Recliners 4 5 
' Examples of all theſe Varieties of Reclining Plains, i in uthe La-- 


* _ of London, 51 deg. 30 m. To find the New Lati- | 
tudes. 


L Variety: Let there be a Dire South 5 in the Latitude of 
London, which Reclines from the Zenith thereof 20 deg. In 

what Latitude will that be an Horizontal Plain ?; : 

The Plains Recliuation 120. deg. being leſs then 38 dey 3a m. 

Complement of the Latitnde of London; Subſtract 20 deg. from 

d. 30 m. the Remainder (or difference) 18 de. 30 m. is the 

w-Latitud?. So that an Horizontal Dial made for that - Eati- - 

hall bea 2. K Rexliner 20 deg. | in the, Latitude of; ay 


As 
Eo 
% 87 


n. Variet IF n Fauth Plan 3 W of. 51 9 
I m. would Nein 60 9.0 from the. E e 


„ | 21 


LIX. che. Latitude of London. 15 
| III. Variety. If a South Hain in the Latitude of Lond 
ſhould Recline from the Zenith thereof 38 d. 30 m. Equal 
to the Complement of the Latitude of London. Then 

The Difference between the Complement of the Latitude of London 
and the Reclination being nothing ; it ſhews, the New-Latitude to 
be no Latitude, that is neither Pole hath any Elzvation above ſuch 
2 Plain: And therefore a Dial for ſuch a Plain muſt be made in 
all reſpects as an Ere& Dire Eaft or Weft Dial is made, by the 
: 'Precepts in C _ VII. hereof : Only, the Ha. Line of VI there 
muſt be the Hour-Line of XII in this: And as the Stile there was 
equal to the diſtance between Six and Three or Nine a Clock. 80 
in this, it muſt be equal to the diſtance between XII and IX 
III. And may be either a Plate of that breggth z ora Wyre or Br 

of that Loygth. 9 „„ 


H. Of North Recliners 
I. Variety. If a North Plain in the Latitude of 51 de. 30 
ſhould Recline from the Zenith 20 deg. In what Latitut: 

will; that be an Horizontal ann 
The Reclination 20 deg. being leſs than the Complement of the Lati 
tude of London, 38 de. * Add the Rec lination 20 de. 20d the Cl 
Latitude 38 deg. 30 m. together; their Sum 58 deg 30 m. is The 
New Latitude: And an Horixontal Dial for that Latitude {hal 
be a North Plain Reclining 20 deg. in the Latitude of 51 de. 30 


II. Variety. If a North-Plam in the Latitude of London, 51 deg 
230 m. ſhould Redline from the Zenith 75 deg. In whi 
Tatitude will ſuch a Plain be Horizontal? 
The Reclmation 75 deg. being greater than 38 deg. 30 m. 4 
them together, and they make 113 deg. 30 min. which bein 
above. 90. deg. take the Complement thereof to 180 deg. whic 
is 66deg. 30 m. And that is the M- Latitude: So that an H 
-zontal Dial made for the Latitude of 66 de. 30 m. will bea 
Plam Reclinmg 75 deg. in the Latitude of London 51 deg- 30 m. 


UI. Variety. If a North Plain in the Latitude of Zonda 
de. 30m, ſhould Recline from the Zenith thereof 510 


Rx. 21 5 . 30 m. Mall ſerve for a South Dial Keclinig 60 deg, in 
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su 727% In what Latitude will ſuch a Plain be Horizon-- 


Here, the Reclmation 5 1 de. 30 m. is Equal to the Latitude of 
onden London; And the Sum of the Reclination 51 de. 30 m. and the 
Equal i Gomplement of the Latitude 38 de. 30 m. Added together, their 

dum is 90 deg, for The New-Latitude : And an Horizontal- Dial 


made for that Latitude of 90 deg. (which is no other then a Cir- 
ole divided into 24. Equal Parts, for the Hours; and a Wyre erect- 
fag ed perpendicularly, of any Length for the Stile.) . 

5 Theſe are all the Varieties of South and North Reclining Plains, _ 


2 Reduced to New Latitudes, wherein they will become Hori-- 
there  zontal Plains: So that neither Trigonometrical Calculation, 
ow Gecmetrical Projection, or Operation by the Globe, need be 


: here Repeated, they being all the ſame as in the IVth Chap-- 
IX or ter hereof. | | | | 


Note alſo : That in making of any of theſs North or- 


*  Sonth Reclining Dials, you have made alſo A Direct North + 
; or South Dial inclining from the Zenith towards the Horizon - 
ſo many Degrees as is thed _ clination. So that when 
til you have made a South - Dial Reclining. from the Zenith: 60 
dieg. (as is the Second Variety of South Recliners in this Chap- 


Lat ter) you have made alſo a North Dial inclinim to the Ho- 
he . rizon 60 degrees, either by drawing of the Hour: lines 
is The and Stile through the Centre; or by turning. the Recloing-: 

lll Dial about upon the Honr-lme of VI. And then, as the 


North. Pole is elevated upon the South Recliner; ſo much 
will the South Pole be 5 above the North Incli- 
Der, 8 Co... h | k 2 ; | 3 


* 3 « 5 * - 
a þ . . . 
, | | — nenmac nm — — 
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e Direct Eaſt or Weſt Reclining Diats, «nl lem Heur- 
No lines ay be deſcribed upon them-. ef 7 - > 


\ Sal Dire®'North:and South» Reclining - Dial Plains were Re- - 
L diced to-New-Latitudes wherein they would be - Horizontal= 
Aung; and therefore made by the Dite#ions given in the 


don 5 
51 1 
1 = Plans: « 


CHA P. IV. hereof : So all Diret᷑ Eaſt or Weft Reclining; Dial © 


Fig. 
EIX. - 


ee. beg F G 
r 
x 
* N 
o 
A. I 4 


Ancilla Mathematica. ' 
Plains in any one Latitude, may be Reduced to Erett, or -Upright 
Declining Plains in another Latitude: and therefore may be made 
by the Precepts delivered in the VIIIth. C H A P. hereof. Either, 
By the Globe; By Spherical Projection; - or, v4 Trigonometrica] 
Calculation : So that the Work of this C H A P. ſhall be only 


_toſhew 


don) 51 de. 30 m. 


J. How to-Reduce any Direct Eaft or Weſt Reclimng Dial Pliy 
in any Latitude, (ſuppoſe London 51 de. 30. m.) to 2 
New-Latitude : wherein the Reclining Plain ſhall become 
M Erect (or Upright) Nan. And 2 

II What Declination, that Upright Plain ſhall have in that 

 New-Latitiifle. On Pn, „ 


EXAMPLE. 


| Suppoſe then, that a Dire@ Eaft or Weſt Plain, in the Latini. 


of 51 de. 30 m. ſhould Kecline from the Zenith 40 deg, 
In what Latitude will that be an Upright Plan? And what 
Doeclination ſhall it have in that Latitude? 
| Wo RED. : 
The Complement of the known Latitude, is (always) The Mr. 
ns ĩ EE F*** 
The Complement of the Reclination is (always) The Declinatin 
in that Nen-Latitude. 1 8 585 = | 
So that if an Eaft or Veſt Dial, ſhould Recline 40 deg in the 
Latitude of 51 d. 30 m. That will be 4 Upright Plain, Declinim 
50 deg. in the Latitude of 38 de. 200m 
For, 38 de. 30 m. being the, Complement of the Latitude of 
London 51 d. 30 m. is the New-Latityde: — And 50 deg. being 
the Complement of 40 de. the Plains Reclination, is the Declinatim 
in the em- Latitude. de 6: 10 w_ 
So that, if (according to the Precepts delivered in the VI1IIth. 
CH A P. hereof) you make an Upright Dial for the Latitud: 
of 38 de. 30 min. to Decline 50 deg. Such a Dial will ſerve 
for an Eaft orWeft-Dzal Reclining 40 de. in the Latitude-of (Lon. 


Thus for the Making of the Dial. 

But in the placing: of the Dial (thus made) upon the Reclinng 
Plain, this Difference is to be obſerved: For, Whereas in all Up 
right Declining. Plains, the Meridian, or Hour-line of XII is always. 
Ferpendicular to the Horizon of the Place for which it is ** 


— 


a . * * 


But this Declining Plain when it is applyed to the Reclining Hin, Hr. 
the Hour- line of XII. muſt lie Parallel tothe Horizon of the Place, LX. 
And here Note, that all Zaft Recliners inthe known Lats. 
tude (as here London )are Nortb-Eaft Decliners in the New- 
Ne Latitude : And all Wef#-Reclimers, are North-Weſft-Decli- 
3 8 
And Note farther ; That upon all Eaſt and es Reclining 
Plains in North-Latitudes, that the North Pole is ( always) 
Elzvated : And upon the Eaff and Vest inclining Plains, 

_ oppoſite to them, the South Pole is Elevated. | : 
And Laſtly, Note that when you have made an Eaft or Ve 
| Reclmiyg Dial, you have made Four, viz. An Eaſt and 


2 


OE! Wilt Reclining, and, An Eaſt and Wt Iuclinimg. 
deg, : Ic VE T 1 2 F 
What ED : G REF TE ; TS 
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Of Dial Plains that do both Decline and Recline: How 
_ Hour-Lines, &c. are to be deſcribed on them. 
ration | | 


THESE Plains may alſo be Reduced to New. Latitndes and 


in the New Declinations, where they may ſtand as Upright Decli- 
lining verre And fo Dials may be deſcribed on them, by the Directions 
in the VIIIth. C H A P. hereof : And to find the New-Latitude, 
de of - IM Declination of any ſuch Plain, The Rules following will 
- direck. | | 
de. EXAMPLE. 

Jo Suppoſe that in the Latitude of London, 51 d. 30 min: A 
IIIch. Sonth Plain ſhould Decline towards the Eaſt or Weſt 24 deg. 
atitude 20 min. And alſo Reclme from the Zenith 54 deg. 

2 I. To find the New- Latitude 


| The Canon for Calculation. 
As the Radius, Sine go de. | 


| 3 | 10. 
nig . Is to the Co- ſine of the Old Decl. 24 de. 20 m. 9.959796 
l th do is the Co-Tangent of the Reclination 54 d. 9.861261 
Ways To a Fourth Tangent, viz. 33 de. 3m. 9.820857 
** This Fourth Tangent being thus found, the Rules following 
But e 


are to be obſerved. 


I. In 
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| I. In South Recliners. 


2 UL E I. This Fourth. Tangent muſt be compared with the 
wh Ol Latitude, and the Complement of their Difference is the 
NEWLATETUDE. ee 
: So, In this Example, The Fourth Arch 33 de. 30 m. being ſub-. 
ſtracted from the Old Latitude 51 de. 30 m. their difference 
is 18 deg. whoſe Complement 72 deg. is the N EW L 4 
rr. = „ = 
R UL E II. If the Fourth Tangent fall out to be Equal to the 
Old Latitude, Then the Difference will be nothing ; And 
ſo the Plain will be a Polar declining Hain: For the Pol; 
will have no Elevation over it. os OP 
So, in the Latitude of 51-de. 30 m. If a Huth Plain ſhould 
Declme towards the Eaſt or Veſt 65 deg. 40 m. And Recline 18 
de. 9 m. By the former. Canon, the Fourth Tangent will be found 
51 de. 30 m. Equal to the Old Latitude : So that the Difference is 


* 


Nothing, . And the Hour- Eines will be Parallel' one tb another as 


and CHAP. X. 


RU LE: BI. If the Fawth Tangent prove to be Greater than 
the Old Tatitude, Then, The North Pole is. Elevated in 
South Declmers : But if the Fourth Taygent be Leſſer than, 
the Old Tatitude, Then, The South Pole is Elevated in 

| — · w ooo e 


II. In North Recliners. . 
R ULI. The Fourth Taygent found as before, is to be 
compared with the Complement of the Old Latitude, and 
their Difference is the NEM EATITUDE. 


RULE: II. If the Fonth Tangent prove to be Equal to the 


Complement of the Old Latitude: that Declining. Reclining 
Plain will be an Aquinoctial Plain Declining. 


So, In the Latitude of 51 de. 30 m. If a Plain ſhould 8 
from the North towards the Eaft or Veſt 65 deg. And alſo Re- 


line from the Zenith 32 deg. II m. The Fourth Tangent will be 


tound to be 38 de. 30 m. Equal to the Coniplement of the Old 
Latitude: And will, therefore, be An Aquino@zal Declming Plain : 


80 


80 


) the- 


lining 


gcline 


Re- 


1] be 


Old 
Jain. 


6 To- 


n wh Dali wks F 


l . To 1 the New Derbi 
The C anch. for rs: a; | 15 2 
As the Radius, Sine 90 d. ale 3 
To the Co ſine of the Reclmation 54 K 9.769218, 


$0.18 the Sine of the) Old Declination, - 24 Lion m. E 14944 [ 


To the Sine of 41 de. 01 min. 92 
Which 41 de. 1 min. is the V. E 7. oY 17 : 
NATION. 
And now, if ( (accordin * Pracept deliverad-i in the VILIth. 
CHAP. berech ) you 6 make an U right Sonth Dial Declin- 
ing 14 deg. I m, in 3 Latitude of 72 deg. That Dial ſhall 


ſerve for A South Plain, inthe Latitude of 51 * _ m. Sang 


24. deg." 20 m. and Reglning 54 a PE 


And in ſuch a Dial you will find 
the Requiſites, _belopging Abend, = 


New Terr 77 


to be as the Table in the Margin. New Declination: 246.101 
And thus much for the Mdking of {Stiles heigth ' 13.26 
the Dial acco FONg o its New, La- Dit. Sub. & Merid. 4 =—if 
aſs, and 15 ot 15 5 5 10 ference eof Long, 13. ) 
ut to a t to the P r Ar 

dining H Rn the e in 1 . [oF r 
are not to 8 Se | 99 r7]89 af 
perpendicular to tis 1 as in 74 17146 48 
Upright Plains, but it muſt make an a1 [159 17]29 46 
Angle with the Horizontal Line of * 3 3 
the Reclining Plam : And therefore : I i 4 : 23 
the quantity of that rl muſt be {—---- 
firſt found. Therefore, It XIjoo 43] o 12 
191[T Rj15 43] 4 49 

in. To find the Aub made be i pl 
tween the Meridian and the 179% II ée 4326 os 
Horizon. + 1X23 43149 39 


The Canon for Calculation. 


As the Radius, Sine 90 d. 


Is to the Sine of the Reclimation 54 d. 
do is the Tangent of the Old Declination 24 d. 20 m. 2.20729 


To the 3 of 20 deg. 6 m. 
. Da d 2 


10. xs 
9.655347 


79.563304 
Whoſe 


- _ Pa - _ > — © 
« 
an _—__ 9 OS 4 CT TR — 34 a _ 
- * E — — — 1 
— br — 
. 
| 
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Whoſe Co 
ridian + Hour-line of XII. 


 zontal Line of the ms 
of the Angle. But 


3 To know „ 


an Line, 


tal Line Wk the Nlain, is 


Anills Mathematics. 
mplement 69 deg. 54 min. is the Ang 


that the Ile 
_ make with the Hor i. 
r for the Quantity 


my (or to what Coaſt ) hs Merikz. 
Aſcending or Deſcending Above or under the Horizon: 
to be drawn. 


GENERAL RULES. 


ctial, the Meridian 
15. | muſt be drawn 


: * 
. Life 1 than EI. V 


1 
144 


That End of the Hh 
rixontal Line, which 


< lies contrary to the 
Coaſt of the Plain's 


(Below _Declination. 
Below That End of the Hori. 
* | Aorethan "FIRE | \zontal Line, which 
. -- -| Eval; the Meridian lies the ſame. way with 
.muſt be drawn the oaſt of thePlain's 
[ES ( Above (Declination. 


in 


„ * — ” 


IO bt re L 


; f Ls l * „ n 
* N ai TRIER. &. 24 4-3. 43) » 


* * — 7 
* * 
. 1 k 4 y 
t 135 ö « « ; , 
2 . „ 1 
* * as. 0 % 
„5 „ . TS. - 2.06 ; 0 f n 
, ; 14 » * Leun! * 4 R # 4 9 * * - 
4 3 4 3 g 34 Py 4 8 
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I Leſs than a Polar | Coaſt of the Plains 


be drawn, 5 f | Meridian thus drawn, 
eG ⸗ 


" NorthRe- | Equal to a Polar, the Meridian muſt be drawn 
clines below the Horizontal Line; at that end which 


ö 


„ 


In „ ? ] | 
| Sonth-In- the Six a Clock Hour- line, 18 (always) the Sub- 


14 


and New Dec lination) is to be transferred from the Paper 

Draught, upon the Reclining or Hiclining Plain. * 
Having drawn an Horizontal. Line upon your Dial Plain, in 
e moſt convenient part thereof, and made choice of a Point 
rein for the Centre of your Dial; apply the Centre of your 


the Meridian Line thereof do make an Angle with the Horizontal 
ie drawn upon the Plain, equal to what you found it to be by 
eIh;id Section of this CH A P. And to its Proper Coaſt, as you 


7 of your former workings) will the Stile of your Paper 
wht (or rather a pattern of it cut in Paſt-board) being placed 
n the Sub. tile of the Paper Draught, have direct reſpect to the 


ated Pole. And thus due reſpect being had to what is here 
| 1 „55 deliver d 


I | zontal Line, that looks 
the ſame way with the 


11 I bpreſents 12 at Mid- 
ä Re; OP \ 4 & N -4 -* 2 4 | B 10 2 ry 4 CY L 1 \ > % \ * 
4 \;; e e Bt . | ud E ow night. FD I a ; | 


is contrary to the Coaſt of Declination : And 


Below ¶ And from that End of 


I' ſche Horizontal Lin, 
I äAore than a Polar, l the Coaſt of the Plains 
the Meridian muſt > < Declmation—— And, 
CG ] © {in Sonth Hicliners, is 
RT ET RET HER 
8 I.. [help to draw the reſt 
J Above (of the Dial. | 


v. How the Dial (being made according to the New Latitude 


ber Draught to this Centre, moving the Paper Draught about 


nd it by the Fourth Section: Then (if you have not erred in 


n * N ; 6 BD, 
delivered, you may eaſily'tra 
 Hourslines to the Hain; putting thereon ſo 
pable to receive at any time of the Year ; a 


as are ſuperfluous 
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> thStile and the reſt of the 
gore (Sd Plain is 
leaving out ſuch 


N the foregoing Chapters is ſh 
| Hour-Circles ) of the Sphere may be deſcribed upon all forts 
of Plain Superficies howſoever ſituate: And as thoſe Honr-Circle 
were deſcribed, ſo may all other Circles of the Spher#*Þ+ alſo 
delineated : And the manner how, I have largely treated of in 

my particular Treaties of 'Diallng already extant: : So that in 
this place I ſhall be but brief therein, and yet ſufficiently Plain. 
And whereas the Hour of the D Dials 
the Whole Axis of the Stile; ſo all otlier Circles ſo deſcribed, are 
ſhewed by one ſngle point taken in ſome runvenient place of the 
fad Axis, from which Point a Perpendicular let fall to the Plain 
upon the Sub- ſtilar Line ſhall be called the Perpendicular Stile: 
And. the point upon the Plain, The Foot of the Perpendicular 
Stile; and the Point in the Axis (before aſſumed) the Gnodus or 
Apex of the Stile. — Now, for the performances of the Work 
following (beſides the Trigonometrical Calenlation\) the Practitioner 
muſt be provided with a Scale (or a Sefprrather) \ which miſt 
have upon it Scales of Sines, Tangents, Secants; Chords, and egal 
parts: or if he have by him, Tables of Natural Sites; T angents, 
and: Secants, then a Line of equal parts only drawn from the 
Centre, will perform the work rather. better than by the other 
Scales, Being thus provided; The firſt buſineſs muſt be 
How to proportion the Perpendicular Stile sto the Plain. 
If your Dial Plain be ſmall, conſider whether it be Direct, or 
Declinig; if Direct the Sub-lile may be placed in the Middlb: 
If Declming, more to the fide contrary to the Coaft of Dedli.- 


The Sub- 


T CHAP lt” 
the Inſcription of other Great and Small Circles 
Sphere upon all ſorts of Dial | 


7 1 5 
F n 


ſhewed: how the 


om all Sum-Dials is ſhewed by 


ile well made choice of, and the W h 


* 


of the 


idiavs (or 


the 


(or 
ſorts | 


rcles 
alſo 
f in 
it in 
lam, 
1 by 
are 
the 
A ain 
tile: 
cular 
15 Of 
Vork 
one! 
muſt 


4 
equal 


rents, 


1 the 
ther” 


7, of 
ddl: : 
Declt- 


cular 


Kile 


2 awd ant. 
Kile thereon Erectadl Make the Perpdrilicular; Stils the Radius 
(or Equal to the: Tagen of 45 degrees) and make that part of 
the Sub tile which lies: beyond:'the foot of the Stil and towards 
the Centre, equal to thę Tingent Complement of the heiglith of the 
Pole (or Stile) above t 
flile, below the Foot: of the Stile, Equal to the Tangent Com- 
plement of the Meridian Altitude of the Sim, when he is in that 
Tropick which is to be moſt mn from the Centre of the Dial. 
in, 1 8 Ro Oe = us. neee, TO enn ee 12 T1940] 103 
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14 11 x ! : F 
F 5% = - ” -” ws” 1 
HE <0 


'X. contaniv:30.degrees:: e ̃ ĩͤ i (agile). > RETOSE: 
A Parallel, is the Smis Diurnal Motion Day by Day; and be- 
auſe there are 47 deg. between the two Tropichs. there may be 
ſo many Parallels, that is, Circles, which the Sun deſcribeth every 
24 Hours: and although there be 47 of thefe, yet in the Lat 
ug of 5 L deg. 30. min. we account but nine, viz; thoſe which: 
xe the Day from dun to Sun, when it is 8, 9, 10, II, 12, 13, 14, 
15, or 16 juſt hours long. The Deſcription of theſe Parallels and 

Vers js made the ſame way; only due reſpect muſt be had to the 

qantity;of the Sun's. Declnation >» For. (in all Dirett Hojizontals') + 
the Perpendicular Stile being made Radius, the Tangent Complenient- 
ak the Sun's height, in any Sn or Furallel; at any hour of the 
Day, ſet off from the Foot al the Stile, and extended to that 

Han- line, gives a Mark upon the Hour-line, by which the Parallel” 
« that Day ſhall paſs: So that this Fork, repeated ſo often as: 


192 
„ 


the number of Parallels to be inſcribed, and the Homs lines re- 


ure ; ſhall give reſpective Points enough, in each Hour, to draw - 
ach Parallel by. ff . 


beginning (or entring) of Piſces ; The Sun's height above the. 
Horizon at every Hour may be found (by CASEIX of O. A S. 


I.) to be as followeth, vix. 
; 5 85 | At: 


"i - - *\ | 75 11 N 1434 
Syn is. the Twelfth part: of the the Ecliptick, and. therefore- 


* : 
S 
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Plain : and; the other part of the Sub. 
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eee 
* | 2J-- K K 59 . 
11125. 377 64. 235 
1021. 494 The 968. 11 
9 IS. FL) ITT i W3r (be 7 03 ys e 
8. 8 


Tangents of the 


the per. Stile being ever Radius) and at the end of theſe Targents ſo 
ſet off upon every reſpective Hour-line, will be a Point: By 
which Points, Lines drawn with an even Hand; ſhall trace out 
upon the Dial Nlain, the Parallels required. . - 

Example. Suppoſe a Plain Decline 30 deg. and Recline 55 
deg. theHeight of the Pole above the Plain 19 deg. 25 min. 
And the Swr's height at the beginning of Taurus to be at the 
ſeveral Hours, as in this Table. | 


3X De: . . 
FE ay ͤũ 38. og? Co7. 55 
15 1 | 73: 30 36. 20 
— 21-09. 03 „„ | 
At? or Le” > Complements 4 : g 5g 
0 1701, ee FF" Bot. 
0 $137. 53 58. 07 
„„ 


. 72. 13 


Then, 


MN F * L 2 1 "n Mats © nd Br 1; 6 * - 1 , - " * 
een * T% , & * 3 Fe 0 " „ A : 4d 7 * 
” — - TY . ol | : N 
* $4, - * d . FLAC -» * 
=. 4 Py * 
1 


Then, The Tangente of” 

ces (as J. deg 55. m. for 12: 16.deg. 30 m. for the Hours of II 
and 1) ſet off from the Foot of the per. Stilè (the ſaid Stiles being 
the Radius to thoſe Tangents) to the obſcure Horizontal Hours of 


12, 11, 10: and 1, 2, 3, Oc. give the true diſtances between the 
Foot of the Stile, and thoſe auxiliary Hours, ' or the Parallel of 


- WL Tar; and fo points for the deſcribing of other Parallels of De- 
e nation: Having firſt (by Trigonometrical Calculation) found the 
; Horizontal Diſtances, and the duns Altitude at his entrance into 
WL of Parallels of Signs or :Dechnation, in ſuch Latitude as you 


0. parts of this Book. 


BE 
1 . 3 3 8 
ch N ; 8 . | No EEE 3 4 - 
ena 


Azimuths) pon 41 Dial Plains, 5 
FH Es E are great Circles of the Syhere, whoſe Poles lie in 


Nadir Points of the Place wherein the Dial is to ftand. *» _ 
The whole Horizon being divided into 32 equal parts; theſe 


of | 1209 9 Or UN: 
of npaſt, and Jenominated accordingly; as South, S by E, S SE, 
Kc. But the better way of accounting them is by 10, 20, 30, 
By Cc. Degrees from the Meri dian on either fide thereof. © 


Firſt, .in all Horizontal Dials; the Perpendicular Stile being 
choſen, making the Foot thereof the Centre; at any convenient 
diſtance, deſcribe a Circle; and account from the Meridian both 
2 Arches equal to 10, 20, 30, &c. Degrees : From which Di- 
viſtons, night Lines drawn to the Foot of the Stile aforeſaid, ſhall 
repreſent thoſe 4zimuths upon that Dial. „ 

Secondly, Upon a Prime Vertical (or South ) Dial: Through 
the Foot of the Per- tile, draw a Right-Line Parallel to the Hori- 
zan; and making the ſaid Stile Radius; upon the Parallel Line, 


Dezrees ; through which Diviſions, Right-lines 2 all at 
Right Angles with the, Parallel Line, ſhall be the Azimnths. 


Eee - wh 


4 


The Tangents of the Complements of theſe Hour-difan- 


have need of. All which are taught how to do in the foregoing | 


i Wl of the Iſeription of the Vertical Circles (commonly called 


„the Horizon, and interſe& one another in the Zanth and 
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Cireles' paſſing through thoſe Divifions, are called Points of the 


lt off, both ways from the Meridian Tangents of 10, 20, 30, Oc. 


— 
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8 
Thirdly, Upon any Declining Vertical, the ſame being 1 


ſhall give the Azimuths of 10, 20, 30, Ec. degrees from the 
1 Mebidian of the Plain; or from the Meridian of the Place Juſt a 
lowance being made for the Difference of Meridians, - - 8. 
Fourthly, In South Declming Reclining Plains, the Per. Stile being det 
choſen, and made the Radius, the Tangent Complement of tlie Re. th 
clination, applyed from the Foot of the Per. Stile to the. Meridian WM tin: 
of the Place, ſhall determine the Zenith of the Place: through Ml 
which, and the Foot of the Stile, (that is the Zenith of the Play) Foo 
a right Line drawn, ſhall be a Perpendicular to the Horizontal! . ma] 
Line, and ſhall concur with the Aquator in the Hour- line of 6. (wt 
and therefore, if from the Foot of the Stilę upon the ſaid: Perpey. Br. 
dicular, towards the North (or the former application was made gent 
towards the South) be ſet off the Tangent of the Reclination, a . in a 
Line drawn from the end thereof, at Right Angles with it, ſhall WM id 
be the Horizontal Line: Uponwhach, the Tangents of 10, 20, 30, . cant; 
(the Secant of the Reclination being now made Radius) ſet from N 
the ſaid Right Age; Lines draun from them to the Zenith ofthe ¶ be u 
il be the Kinnh... Nen, okt 
Fifthly, The Diſfauce between the Meridzans being known, Or, 
upon the Horizontal Line; the Aximuths which were accounted. in is 
from the Meridian of the Plain, may be fitted for the account them 
from the Meridian of the Place, with eaſe. For Example, let Whi 


that diſtance be the Tangent of 20 deg. Then that Azimuth which WM is in 


although theſe Lo counted by 15 deg. and thoſe uſually by 16 


any diſtance. 


in all reſpects, the ſame relation and habitude to the 4zimuths, 


is 10, from tlie one; is 10 frem. the other alſo : And that which MI Foot 


is 30 on the ſame fide of the Sub-ſtile, is 10. on the other ſide | 
of the Meridian of the Place : And tlie like method ſerves for WI — 


2 a 


. yy” . 1 


RY : How 


e 
Of the Inſcription of Almicanters or Circlerof the Suns Al 
„ 7 en TT 


1 SE are leſſer Circles of tlie Sphere. ;, and may be called 
the Farallels of Declination from the Horizon; they having, 


as the Sigus and Parallels of Declination have to tlie Meridians ; 


J 


— 
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N 


5 


in theſe, . 
through which the S7gns or Parallels muſt pals, upon Every Hour- 


Foot of the Per. Stile, to the reſpective Honr-limes : — So here, 
making uſe of that Aximuth which is perpendicular to the Plain, 
(which in all Plains is that which raſſex aj 

Per. Stile) the reſt of the Aximuths being alſo inſcribed, the Tan- 
gents Complements of the Sun's height above the Plain, when he is 
in any Azimuth, applyed from the Foot of the Per. Stile to the 


canter, upon that Æimuth muſt pals. 


\ 
\ 


be upon any Azimuth, in any Parallel of Declination (or degree 
Or, by the Reſolving of an Oblique Aigled Spherical Triavgle, where- 


them to find the third Side, ( By CASE V. of O. A. S. T.) 
Which third Side fo found, is the Comp 

is in this caſe required; and muſt 8 be fet from the 
Foot of the Per. Stile unto the Azimuths, CW. 


oe - 
—— th 8 5 Jr — 1 1 ** 
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upon all Dial-Plains. F . 
To the Inſcription of theſe Hours upon Dial-plaims, there 


dhe Æguater, and other Parallels of Declination being already de- 
led. ſcribed (or ſuch of them as ſhall be needful) together with the 
ing. com Hour- lines proper for the Flain, Points through which 
thi, i theſe Hour-lines may paſs, inay be found by theſe following Di- 
milledtiog” - EE ooo: ono Dit: 6 lin + 


FS FOR +. 


% The Batyloniſh Hours are accounted Zqual Hows from Surriſg, 
And. and may be inſcribed upon 09, FO by help of thoſe two Fa- 


Eee 2 rallels - 


_ 


h through the Foot of the 


faid Azimuth, gives a Point, through which that Circle or Alm. 
Now to know what Altitude the Sun will have, when he wil! 
of the Ecliptiok) is taught in the Section of Afronomical Problems ; 


How to inſcribe the Jewiſh, Babyloniſh and Italian Hours, 
„ „ e 


needs no Trigonometricat Calculation + For the two Tropicks, | 


Let an Horizontal Dial, proper to the Plain, be firſt (obſeurely) 
deſcribed 5, and then, as it was there ſhewed, that the points 


line, might be had by applying the Tarxgerts of the r 
of the Sun's Height of thoſe Hours in thoſe Parallels, from the 


in is always Given, Two Sides, and the Angle oppoſite to one of 
lement of the Altitude which 


” 
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And therefore, as in the deſcription of the Sus and Parallels ſo | 
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rallels of Declination which ſnew the Longeſt and Shorteſt Day, con. M 
fiſting of whole (or entire) Hours: As with us 16 and 8; and 4 
the Zquator.. For, CC ed _ 
through - 1 rallel of 16 of Declinztiong . 
be the Hour of One from the Sun's ring. And likewiſe in the 11 
fame order; through 6, & and 10, ſhall give the Second Hour from 
Sum- ring; and in the like Order, all the reſt. * 
In Winter, when the Parallel of 8 Hours ſhall fail, the other ho 
two Points will ſerve to draw it by, becauſe thoſe Hours ar: pl; 
Streight Lines. But after the firſt. $:x Hours are. inſcribed, the the 
Aqumodial . alſo failing, ſome other Piurnal Arch, (as of 9 0 . 
10 Hours) mult be deſcribed to ſupply that want. or 
I be ſtalian Hours are accounted by 1, 2, 3, &c.from Sum: ſettig: Cor 
And for the Inſcription of theſe, the fame Parallels of 8 and 16 . 
Hours, with the Epuator, will ſerve : Fora Line dran throw 55 
them, in the Hours of 9, 7 and 5, Aftemoon (obſerving the fame Is 
as before): ſhall be the bow of One ; the like through 7, 5 and 3, lil 55 
"ſhall be the hour 23: The Night hours of 9, 10, £76. .are the Am- ** 
mp hours produced.  - „ TL, : 


40 The Fewiſh hours are reckoned like the Babyloniſß, from: 

Smrriſng; but unequally; their Sixth bour being (always) Mom; 

and every hour, one Twelfth. part of the Artificial Day, of whit 
length ſoever that be. 8 . 5 

„„ For the Bꝗcription of them: The Vigar Hours: proper for the 

Ra. Plain being firſt drawn, and the DNzurnal Arches of 15, 12, and) 

bours, divide the degrees in each by 12; and that Quotient y 

135; or elſe (which is all one) divide the ſaid Arches by 180, f 

_ three Quotients ſhall give the juſt Times, in hours, and uſual part 
of hours from 12 a Clock, upon the two Parallels and the. Tana. 
tor: through which, Lines drawn by a Ruler, ſhall be the Feril 


bours required. „ 5 
Example. In Latitude 51 deg. 32 min. the Diurnal Arch o 
25 hours is in Degrees 225, which divided by 180, the Quotient 
18. 1 f h. and ſo mueh the Fewifh hours of 5 and 7 are diftant from 
Mon; one hour and a quarter being a«twelfth part of the. Diunul 
Arch of 15 hours: And this hour and quarter being doubled, give 
the place for 4 and 8: pow the place of 3 and 9, Cc. iron 
Moon, upon that Parallel of 15 hours. 


on 


this Fara 


. Dialling: 
1 like manner, "NR Diurnal Arch of 9 hours is 135 deg. which. 


kour: Which. ſhews the place of the Fewiſh hours of 7 and 5, to 

be three quarters after, or before, Noon: and that doubled is One 

hour and a half, which gives the place of 8 and 4; all ae S 

our 1. and and 10; and ſo Tripling and 1 p Sin- 

ping 3 N you have the 3 of t 2 kern Hours upon 

el of 9 hours length of the Day. 

And theſe parts Doubled and Tripled, ied is ſaid; will alwa _— 

uar- 


this Parallel and the former) fall upon even hours. halves an 
ters of hours And that is the only reaſon why theſe two Eual. — 


Ils of 15 und ꝙ, ot eferred ; there being no neceſſity of uſing . 
them, more than the 
ency of even parts. 
ay. In the Diurnal Arch of 1 2, that is, the Æquator, the - 
Common and the Jewiſh hours concur ; "that 3 is, the Jewiſh bonn 
5 and 7, with our hours of II and 1: Their 4 nd, 8, with our 
10 3 2, Cc. So that a Line drawn from 14 in the Parallel of 
15, to 1 in the Æquator, and from thence to in the Purallel of 


9, e e And ſo are al reſt-tobe . 


b 25 


divited by 180, the Quotient i is -+*, that is 3 quarters of an 


ropicks or other Peralbts, only this conveni- 


.$ 
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SECTION VI. 


2 
* * 


NAVIGATION. 
Intend not here to treat of Navigation in N ee it be- 
ing an Art that requires (for the true Underſtanding, either 
the Theory, or Practice of it) an inſpection into divers other 
Sciences Mathematical ; of which, that of T RIGONO ME. 
T R IT 4A, (or the Doctrine of Triangles) is the Principal; for that 
the ſolution of all ſuch Problems which are of daily Uſe at 
Sea, are performed thereby; and thoſe are fuch as concern Lov 
gitnde, Latitude, Rumb (or courſe) and Diſtance, Nc. And there 
fore, I ſhall Deſue, Firſt, what is meant by Longitude, Latitude, 
Rumb, Diſtauce, &c. And Secondly, any two of them being 
Bum; how to find the other two; and that by Trigonometrical 
Calculation: with ſome other Problems-pertinent to that Art. And 
T ſhall perform them, (1) By Plain Sailing. (2) By Mercators 
Sailing; And (3) By the Middle Latitude. = | 


| DEFINITIONS 
I. Logitnde, Is the Diftance of a Place from ſome known Meri- 


diam to that Place; and is always counted upon the Aqui Loni 
iel Circle, from that known Meridian towards the EA II folie 


4 


or Weſt. 
u. . 


2 : „ * ** R 
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Of Navigation: 


H. Latitude, Is the Diftance of any Place from the JEquinoTia 7 N 
Circle; counted upon that Meridian Circle which paſſeth%over- 


tat Place, towards either of the Folbs; either North or South 
| and accordingly the Latitude is. Denominated either North or 
South Latitude. - WW 


III. Rumb, (or Conſe) Is that Age which a Ship in her Sailing 

makes with the Meridian of the Place from whence the Slip 

| came, and the Place where the Ship then is: But the Complement: 
of the Rumb, is that Angle which: the Rumb makes with that 


Parallel of Latitude in which the Ship is; and is the Complement * 
| of the Rumb to 90 deg. —- The Rumb is made known to the 


Mariners at all times, by help of his Compaſs. © 


Log-Line in any known quantity of 


v. If your Rumb (or Courſe) be directly Eaft'or Veſt, you alter: 
not your Latitude at all : If your Courſe be Northward, you 
continually Raiſe the North Pole; and you increaſe your La- 
titude Northward : Or the South Pole, if you Courſe be from the 


AquinoFial Southward; = | is | 
The Raiſg of the Pole is, When you Sail from a Leſſer La- 
you Sail from a Greater to a Leſſer Latitude. 


Theſe things known; before ee to the Solutiomof the 
ſeveral Queſtions or Problems in Navigation, unto which the Do- 


ſomething concerning the Situation of Places upon the Earth or 


cone from another in Leagues, Miles, or Minutes: And then, ſhew 
Deere any ee NEnN 
- WL Places, according to their reſpectve Latitudes and Difference of 


- 


# following. 


IV. Diſtance, Is the Number of Leagues, Miles, Centeſais, Kc. 
that a Ship hath Sailed upon any Rumb or Courſe.— And this 
is known to the Mariner by the — running out) of the 


titude to a Greater : And the Depreſing of the Pole is, when 
Ha in reſpect of Lorgitude and Latitude: And of their : Diftances 


3 


frine of Triangles is ſubſervient, it will be neceſſary: to fay- 


0 Eomgitudes. All wl ich ſhall. be comprehended under. theſe Heads. - 


N * n 
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1 07 th Situation o Places, i in jet o Lovgitude and 1 
titude. | 


JN this Problem there 2 are Aer of Caſes, comedian as the ons 
may be ſituate one from the other, in reſpe& of the Firſt, or 
ere Meridian, as to their Difference of Longitude ; and th re. 
& of the Æquinoctial, as to their difference of Latitude + And 
— the better underſtanding of theſe J arieties, I ſhall exhubit all 
of them in one Scheme In which, 
Fig. N AS is the Firſt Meridian, or beginning of n 
LXI. WA E the JEquino@ial Circle. 
ZE W the Welt part there. 555 | 5 
N the North Pole. - | | e 


the Sonth Pole. 
and T A, two Parallels of North Latitude. 


8 

DB 

O R and Z X, two Parallels of South Latitude. 
NI 

N 


L Ms a Meridian of We eft Longitude. 
H CSa Meridian of Eaſt Longitude. 


CASE I. If the Places lies in the Eid Chek, as the Pl. 

| ces L, G, H, and K; and fo have no Latitude Or in the 
„„ Parallel of Latitude as the Places D, V, X, and B, in 
dhe Parallel of 40 de. of North Raw, and the Places O, 

M, Cand R in She Parallel of 35. . of South Lati- 


tude Then, ( 1.) If the Two * 1 , do lie both on 18 1 
the Eaſt. ſide of the Firſt Meridian, as H, K--— Lo. BC R.: Or, M1] 
both on the Neft. ſide, as D, V L, n : Then, The ( 
Leſſer Longitude ſubſtralted from the Greater, gives the Diff. Ane 
rence of the Loygitudes of thoſe -Places. But, (2.) If of the 158 
two Places propoſed, one do lie on the Eaft-fde, and the other 2 
on the Veſtaſde of the Firſt Meridian : As V and X--- L and III 
H, M and C: Then, the two Longitudes added together, gives = 


che Difference of Longitude between thoſe two Places. But, 
| ote, 'T 
If the vum of the two Longitades do exceed. I 80 deg. e 
the Sam of them from 360 deg. and the Remain 
Difference of RO or thoſe two Places. 


\ 
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| CASE U. If One Place lie in- the Æguinoctial Circle, as L, and Fig. 


the other under the fame : Meridian N L 8, as the Places V. LAX. 
in the Parallel df 40 deg of North, and M, in the Parallel of © 
35. 85-deg. t of South Latitude: Then, the Latitudes tliem- + Inallthis 
ſelves are eſteemed (or are to be — for the Difference of r 


| the De- 
Latitude. 9885 : 151 EE... Sees ue 


not divide!!! 


Cs II. If Two Places ab iter both in Latitads and intosomin. 


Longitude, do lie both of them on the North, as V in the Pa- 4 into 


rallel of 40 deg. and I in the Parallel of 18. 25 deg. the leſſor ha mom 5 


or hun- 
titude taken from the greater, leaves 21. 75. deg. for the Diffe- dred Parts. 


rence of Latitude of thoſe Two Places': The like, if both the 


Places had lain on the South-fide of the Æaquinoctial, asat Cand 
Y;— But if the Two Places propoſed had been V. in 40 deg. 
of North Latitude, and C, in 35. 85 deg. of South Lands; | 
then, the Sum of them two Latitudes 75. 85 deg. —_— be the 
Difference of Latitudes, which can never exceed 90 deg: is 


How to Reduce Degrees and Minutes, (ar Degrees a Centeſins, ; 
or hundred parts of Degrees) into Miles, or Minutes. "LD 


Tx is done by multiplying the Degrees by 60. and adding 


the odd Minutes, if any be, and the Product wilt be Miles. 

Alſo Degrees, and Centeſms of Degrees, multiplied by 60, the Pro- 

duct will be Degrees, and Centeſms. So, | 
26 de. 33 m. multiplied by 60: The product of 26 by 60 


is 1560, to which add the 33 Minutes, and it makes 1593 


Miles. 05: 
Or; . os. multiplied by 66, with produde er Miles. e 

And 26. 47 deg. 3 60, will produce 1588. 20 Miles; that is 

1588 Miles, and - +: Or rer ef à Mils; and fo of any other. * 


III. Se An ( ene Blank Chart) ah two Places, oh 


differ both in 5 Longitude and Latitude. 


; F* ET the two Places pro. 9884 bethe Harbour of LA which 


5 in 18. 25 deg, of North Latitude, and 78. 35 deg. of 


Weſt Lorgitude And the Cape of Good. Hope; which les in 3 5 
85 TOS 5 South 2 and 27. 50 deg. of oy Latitude. 


r The 


7 
. 
% 
1 
5 
\ 
5. 
A 


XI 


30 8 
Fig. 


"68 


* 


gin to be accounted either Eaſt or Veftward from it: which two 


them into. Miles (by multiplying them by 60) and they make 4701 


Aguinoctial Circle from & to a, towards the Veſt, becauſe the Lon- 


reduce them into Miles, and they make 1095; which ſet upon 


Ss 
1 


Arcilla Mathematica. 


_ - The Geometrical Conſtruction of the Figure. 
Firſt, Draw a Right-Line A AX for. the Æquinoctial Circlè of 
the Terreftrial Globe And another Right Line N S, for the Prin- 
cipal, or Firſt Meridian, from whence the: Longitude of Places be- 


Lines croſs each other at Right Angles in the Point 2. 
Secondly, The Longitude of Jamaica being 78. 35 deg. Reduce 


Miles, which taken from any Scale of Equal Parts ſet upon the 


gitude was Weſtward: And through that point a, draw a Right Line 
11 a s, parallel to N S, the Firſt Meridian, fo ſhall that Line 
n a , be the Meridian under which the Harbour of Jamaica 
lieth.—— Alfo the Longitude of the Cape of Good Hope, being 27. 
50 deg. Reduce them. into Miles (by Multiplying them by 60) 
and they make 1650 Miles, which ſet. from & to b, and through 
5, draw a Right Line » b parallel to N & 8, ſo ſhall this 
_ 1 bh s, be the Meridian under which the Cape of Good Hope 
” Thirdly.The Latitude of Famaica Harbour being 18. 25 degrees, As A 


the Line nas from: a to H, towards: » (becauſe the Lati- 
tude was North) fo ſhall H be the Point repreſenting: the Har- So is 
bour of Jamaica. And, If you draw a Line through this point H, To 
parallel to the Agquinoctial, as the Line HN h, that Line ſhall repre- £0 
ſent the Parallel of the Latitude of the Harbour of Jamaica, viz: of * 4 
18. 25 deg . Alſo, The Latitude of the Cape of Good Hope be- e 
35. 85. deg: Reduce. them into Miles, and they make 2151, d 
winch ſet upon the Line » h s, from :b-downards-towards 5, (be- 
cauſe the. Latitude is South) to C, ſo ſhall the point C, be the 


Point repreſenting the Cape of Good Hope: Through which, if MW the 
you draw a Right Line C A, parallel to the Æquinoctial, it-ſhall* ls to 


repreſent the Parallel of the. Latitude of the Cape of Good Hope, 0 is tl 


vix. of 35. 85 deg. of Sonth Latitude. 5 To! 
Laſtly, Draw the Lines HC, CA and A H, ſo ſhall yo xf 
have conſtituted a Right-lmed Triangle, Right-anugled at A; from 
whence ſhall be deduced and reſolved all ſuch Problems and“ 5 
Navigation, as concern Longitude, Latitude, Rumb (or Courſe) and? ＋ 
— |} . , a „ on - 
| : | LT 


ROB. 


>. 


ö $4 Navigation. Ks 
P. ROB. I. | 
| 470.2 Has Hin: 18. 25 de. of North Latifade, and 78. 35 d. 


I. The Rumb leading from « one Place to the other, the e 


HCA. 
II. Their Diffance : upon the Rumb ; H c. e 
The Difference of the Lorgitudes, and Latitudes of the two Places 


of .Weff Loxgitude - a_—_ in 35. 85 deg. of South Lati- 
= and in 27. 50 de. of Eaft Longitude being Given To 


being Found, and Reduced into Miles, as is ſhewed in the tro 


foregoing Troblems: Then, in the Triangle H A C Right-angled 
at E, you have given, (1 ) The Perpendicular HA, the Diforoves 


of Latitude 3246 Miles: And, (2.) The Baſe A C, the Difference 


of Longitude 6351 Miles : By which you may find the Rumb H 


CA (by CASE T) n ws weng 3 5 


of K A. P. . : 
a 1. For the Rumb HC 4. 5 | 
As A C, the Dif. of Longitude 6351 M. : 2 3.802842 
E to the Dif. of Latitude H A 3246 M. WO : 13.517348 
So is the Radius, Tang. 45 deg 10. 
To the Tang. of 27. 07 deg. : "9.708506 


Which is the Angle 1 CA, whoſe ö Cop HC 
uA H C, is the Rumb, 62. 9 3 deg. that is, North-Zaft- 
erh) 62. 93 deg. from C to H, and South- Weſterly 62. 93 
des from H to C. 


2. For the Diſtance HE. 


As the Sine of A H C the Rumb 62. 93 Pr 9.949610. 

kts AC, the Dif. of Lovgitude, 635 1 M. 5 852842 

$is the Rad. Sine 90 dep. HG 10. 

| To H Ctheir © 7132. 4M. „ EH 
Pp ROB. IL 


gitude A C 5351 M. Given, to Find, 
I The Difference of Latitude H A, And 


5 F ff 2. 


= HE Rub CHA, 62. 92 deg. And the Differ er.Ce N Len- 


II. The 


Ry en 
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Fig. 
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As the Diſauce ir, 23.385374 
Is to the Dif. of Lingitude AC, 6351 M. 13.802842 
Zo is Rad. S. go de 5 

To the Sine of the: Rumb 62. 93 de-. 9.949668. 


EX Auscilla — 


H. The Difance HC. 5 
Ey Hoy ey and C ASE V: Of R. A. P. T. 


1. For- the Difference of Latitude H A. 


As the Sine of A H C, 62. 93 dep. ee e eee 
Is to the Sine of HCA 27. 07 de. Tp 9.55 8086 


. AG, the Diff. of Tangitude 635 1. : 


13.460928 

To the Dif of Latitude HA, 3246 M.. ue 3332338 
22 For the Difnce H C. 2 ; 5 8 4 
As the Sine of the Rumb AH C62: 93 de. 9.949610 1 
Is to A C, the Dif. of Long, AC, TO 5 _ C03. .802842- 80 
80 is Rad. S. 90 d. 2 10. 1 

JO the 5 Mg 7132, 4 M.. en FER SN IS 853232 

PR O B. III. ; 


tude A C, 6351 M. Given ; to Find, 
I. The Numb A H C-aAnd 
II. The Difference of Latitude A H. 
By CASE I and. CASE VI, of R A. p. . 


* For the Rumb AH C. 


* HE Dißauce H C7132. 4 M. And the Dio 2 


225 For the Diffiroxce of Latitude H A. 


Having found the Rumb, by the Laſt, Say. . 
As the Sine of the Rumb A H 62. 93 de. 5 9.94.9610 


Is to the Dif. of Longitude A C, 6351 M. 3.802842 
So is the Sine of HCA, 27. 07 des- . 25878 


Fo the Dif. of Latitnde H A. 3246 M. ä 


13. Wen 


PROB. 


eee. — 311 
f DELLS 1600 
P R 0 B.: ͤ» . 


HE Dianee C 7132. 4 M. And the obne Lai | 

tude H A 3246 M. Given: To find, 

I. The Rumb HCA | 

IL. The Difference of — . e 
* CASE II. and CASE VI. of *. 4 5. 1. 


| : 1. For the Fun!. 

As the Biflanes H © 7132. 4M. 222 5 
becher Latit. HA 321%/ꝗ $11348.- \ 
© 80 is the Radius Sine 90 de. „„ 19. | — 

To the Sine of 27. 07 de. HE A. 9. r | 
C Whoſe . is AH C the Rumb 62. 293 de. 8 


2. For the Difference of Lengths A 8 
As the Radius Sine 90 de. 1 9 M5 
B to the Diſfance HC 7132. 4M. 3.853232 
$o is the Sine of H C A 27. o/ de. 29.658086 
Io the Dif. of Eongitude A C 6351 M. 951118 


Pp R OB. . 


Ship at H, the Harbour of 23 in 18 ok of North” 
| Latitude ; and Weft-Longitude 2 35. de. being bound for 
the Lyzard, Which lyes in 50. 34 de. of North Latitude; and 
5: 96 de. of Weſt 1 And ſhe fails upon theſe leveral i 
Curſes, viz. (I.) North-Eaſt 16. 25 deg. 42. 16 Miles from 
H to K. — 02. North-Eaſt 60. oo Fog 25. 36 Miles from K 
„ to. L- 0 3.) Directly North, 32. oo Miles from L to 
NM Vert Eaſt]. 60. 12 deg. 28. 16 Miles, from 
M to N. 5.0 North-Eaſt, 46. 50 deg. 40. 25 Miles, 
from N to 0. (6.) Dy Eaft 28. oo Miles,- from 8 
to P. And now I would | 
J. The Difference of Latitude, 5 R. and Difference of Longitnde, 2 
HR, at the end of each of theſe Courſes. 
Il. How the Ship being at P, bears from the Harbowr at. en from, 
whence ſhe came. 
III. In what Lovgitnde ans Latitude, the then 18. 


/ 


S1 


„IV. The 


f 


— 


1 Ancilla Mathematica. ; 
1 IV. The neareſt Difance from P to H. 


I. The Geometrical Conſtruction and (gradual ) Trigonometrical 
Calculation, of the whole Travers. „„ 


RAW a Right Line NS for the Meridian, and another 

E W at Right-angles thereto, for the Parallel of the Lati. 
tude of Jamaica, croſſing each other at H, the point of the Har. 
-bour, where the Voyage begins. Then, ET 


I. The Firſt Courſe being North-Eaſt 16. 25 de. make the 
Angle a HK equal thereto : And the diffance Sai led being 42. 16 
Miles, ſet them from H to K 3 and through R, draw a K par- 
rallel to W E: So ſhall you have conſtituted a Triangle H a K, 
right-angled at a, in which there is given, (I.) the Rumb (or 
Courſe) a HK 16. 25 deg. (2.) the Diffance Sailed upon that 
Rumb, 42. 16 Miles: by which you may find, (1) the Difer- 
ence of Loygitude a K, 11. 80 M. And(2.) the Difference of 
Latitude H a 40. 47 M. By CASEIV. of R. A. P. 7. 
1. For the Difference of Longitude a K. 


As the Radius Sine 90 dep. Ls Io. 


- 


Is to the Diſtance failed H K, 42. 16M 1.624900 
do is the Sine of the Rumba H K. 16. 25 l. 9.446892 
To a K 11. 80 M. the Difference of Leg. 1.07179 
2̃i. For the Difference of Latitude Ha. 
As the Radius, Sine 90 deg. „ 
ls to the Co- ſme of the Rumb a K H, 73. 75 de. 9.982294 
So is the Diſtance ſailed H K, 42. 16 M. 1.524900 
To H a 40. 47 M, the Dif. of Latitude. 11.607194 


And in ſuch difference of 


| 9 
of -Longitude and Latitude will the Ship 
be, when arrived to K. VVV 

II. The Second Conrſe being North-Eaff 60. oo de. through 
the point K, draw a Right Line h e parallel to N S; And on the 
Point K protract an Angle of 60. oo deg; as h K L, and ſet the 

diſtance failed 25. 36 M. from K to L.; and through L, draw 
L b parallel to WE: Then in the Triangle 5 K L, there is given 
the Angle bK L the Rumb 60. oo d. and the Side K wy 


55 - 
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36 M. the diſtance upon the Rumb, whereby may be found b L F. 
the Differ.” of Long. and K 56 the Difference of Latitude, as in the LXIJI. 
I. For the Difference of Longitude b I. 
As the Radiug nnn RS 
To the Diffanee Sailed K L 25. 36 M. 14404149 — 
$0 is the Sine of the Rumb b K L 6O. o d. 9.927520 — 
To the Difference of Longitude b L 21. 96 M. 1.3419 . 


2. For the Difference of Latitude Kb. 

As the Radius e e 125 — 2 
To the Diſfance Sailed K L, 25. 36 M. 1.404149 

$o is the Co- ſine of the umb b L K 30 0 d. 9.698970 
To the Difference of Latitude K b 12. 68 M. I. 103779 


III. The Third Courſe, being dire#ly North, and the Diftance 
Sailed 32. oo M. Through the Point L, draw a Right Line L c. + 
parallel to NS. And becauſe the Conrſe.was directly North, ſet | - 
32, O M. (the Diſtance ſailed) from L to M; and to that Point - 
the Ship now arrived; which being in the ſame Longitiide' as | 3 
when the was at L, the difference of Longitude is nothing. But _ 
the difference of Latitude is the ſame with the Difance Sai led; 5 — 1 
mz. 32. 00 Miles, or Minutes. So that for this Courſe there is-no 
need of any Trigonometrical Calculation: - SOL EO AE AN 


IV. The Fourth Courſe being North-Eaſt 60. 12 deg. continue 
the Line L'M to c. And on the Point M, protra& the Angle 
of the Rumb, c MN 60 12 m. and ſe the diſtance failed 28. 46 M. 
rom M to N: And through N, draw Nc, parallel to WE. Then, 

n the Triangle Me N, there is given tlie Angle c MN 60. 12 de. 
the Courſe or Rumb :- And the Side M N 28. 46 M.. the Diſfance 
paled 3 by. which you may find the Side c N, the Difference 
f Longitude; and Mo the Difference of Latitude In the ſame 
manner as in the two firſt Cuffs _ 
I. Fer. the Difference. of Longitude c M N“ 5 
ls to the Diftance Sailed, M N 26. 46 M. 1.422589 
o is the Sine of the Rumbe N M, 60 12d. 9.93805 
Ia the Difference of Longitude c N 22. 94 M. n 
WS ” | 2... EO. 
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3 milla Markematies. 


Fig. 2. For the Difference . e Ns. >. 
LXII. As the Radius . 5 
| Is to the Diſtance Sailed M N, 26. 2 M. - 8 8 722585 2 R 
So is the Co-line of the Rumb c NM 29. 88 M. 2.597291 fror 
TO the Difference of Latitude M c, 13. 18 M. I. 1199 (in 
Tria 
. The Fifth 'Comrſe being North-Eaft 46. 50 1 through the che 
Point N, draw a Right Line d N f, parallel to the Meridian N 
8: "And upon the Point N, protract the Angle of the Rumb, dN V 
'O, 46. 50 nh And ſet the Difance ſailed 40. 25 M. from N to Wi unto 
O; and through O, draw d O parallel to W. E. Then, in tie 
Triang le Nd O, you have given the Age d N O the Run, 46, 
50 deg, And the Side NO, the Diftance Sailed 40. 25 M. by 
which may be found, the difference of Longitude q O, and th 
difference of Latitude N d, as before. 
1. For the Difference of Logitade d 0. "Se Be 
As the Radius Sine 90 dle. wo. In 
To the Diſtance ſailed, N O 40. 25 M. ; 1.60 7750 2 
So is the Sine of the Rnumb 4 N D, 46. 50 "'S 9.860562 8 


To the Difference of Longitude d'O, 29.19 M. * 46532⁰ 
| 2. For the Difference of Leal N d. 


As the Radins | 1 

'To the Diſtance Sailed, NO, 40. 25 M. „„ 26000 

$0 is the Co- Sine of the Punk d ON, 43. mw 9.837812 

To n e of Latitude Nd 27. 7⁰ M. I. 442 

= A VI. The Sixth Conſe being directly E aft : Kid the Dian 
= Sailed 28. oo Miles, continue the * or Parallel d O, and ſet 
= - the Diſtance ſailed upon it, viz. 28. oo M. from O-to P, and b 


= that Point is the Ship now arrived : which bein m the fame P. 
= alle of Latituds as when ſhe was at O, the Difference of Latitul 
| zs nothing: But the Difference of Longitude i 1s equal to the D 
WM ſtance Sai ed; namely 28. oo M. So that for this Come, ther 
; needs no Trigonometrical Calculation. 
Fig. Having thus finiſned all the Courſes, you find ER Difference a al 
XIII. Loygitude and Difference of Latitude to be ſuch as are ſet down! 
the Scheme of the Travers. And thug Is. the 0 5 WR of the Bi 
\ view reſolved, Now bor the Second. vn ] 1. 
Toll 
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Fg. 4 | THEFT "> 
VII. Fre b Point p Gn Res 3 Ex. LI a. LYN. _—_— 
) u Right Line to H, the Harbour from whence you began, and + 
o1 Ml from the ſame Point P; let fall the Perpendicular P R, Upon the ; 
o lineWE: 3 you have conſtituted a Right-aygled Plain 

Triangle HR P, Righ © led at R: By the Solution whereof, 
the che other parts 'of { m may be I reſolved. 


N VII. Collect the frond Differences of Longitude and Latitude, | 
to Wl into one Sum as is _ in Jang TOY Table. 


46, | 
by : 
the _ 
 KHwrk 

In the 7 af 15 
166 4 YM to N 5 
62 N t-to O 
2 O to? 


By the Table you find FE 4 of all FE Differ of of 72 
tude to be 113. 89 Miles, or Minutes Which reduced into 
grees and. Minutes (by dividing them by 60) they make 1. 91 
deg. Which ſubſtracted from he L of Fries, 78. 35 1 
7 there remains 2 24 deg. for the Longitude in which the 

8 is, being arriv 

Alle, you find by the Tal, the Sum of all the Differences of 

Latitad: to be 126. : 3 Miles : which reduced into Degrees, makes 
2, 10. deg. Which being added to 18. 25 deg. the Latitude of 
Jamaica, it makes 20. 35 E. for the Latitude in which the 
10 Ng 5 at P. And thus is Seca part of the Froblem re- 

olvet 2 EB. 


-Now for the Third: 


IX, The next thing wh bound is the Rumb, Come, or Bear- 
"x of the Ship, the being af P, td H the Harbour from whence 
became. In the Triangle 9 H, there 1s Siren, 9 The 


Ges _ . 


rr 


"ADA — — 


Side H R, " the: Di un a. Longitude 1 5 2 99 min. (2) BY, 
Dijference of Latitude P R, 126. 03 1550 . o find the Angle H 


IF 
| 7 
PR, the Numb e by CASE I. of R. A. 


1 „ 1 2 1 


AS the Side P R, Bil Latit. 126. 03. M 8 61 180474 
Ihe Side H R, Dif, Lon. 118. 9 % _ $ of 2 "Y 21056485] i 
So is Radius, Tang. 45. o de. N WRE-* 
To the Tangent of the Rumb HP R 42. 1 1d. 9. 955011 

80 2 the Courſe from P to H is Hreb⸗ W: Fa 42. 11 Lg: and. 
mH to 1 Artz e t ud wot tf, 1. r 


Nolan Lit C2 a 1198 


X. The laſt a Bs found i 1s, the ſhorteſt Dif FA or Di. 


- 


167 upon the. Rumi) ) tween Hand! By CASE V. of R. 
J. P n 9 1 | 
As; the dine vf the-R mh; HP: R, 42. 11 14. : 9. 826435. 
Is hs Direc 50 225 gitude H R, 113. 89 M. 1e 
Solis: the Radius 2 0 | 
To the Difance we the Run; P * 169. 9 M. 2236050 
35 be PROB. Vl; 5 


rom tlie Tan- of 78,” 27, de 1955 . 1 fail upon ſome 
Ws 28. H P 169. 83 Miles; 
andthen frt- trat * Arve departed fr om the "Meridian from: 


| whopoe I came. 113. 89 min. I would then a 

I. Upon what RundT ſeared” Aud * £11 Se BY 

II. How muel't have altered 4% Kd. 1 = a th = e ib 

LE 4156. 330TH {155 Re. 1 I 

T® 18 HIS Boblen may berefllied i in the Triagle H RR; In dich 1 
there is Given, (1) The. Side H P, the Diſtante Sailed: upon 

the unknown Rumb, 169. 83 M. (2) The Side H R, the Dopar. Firſ 

ture from the Meridian of H, from whence. you - ſailed; 113. 89 Angles 

M. 5 en you may find the Angle P H R, "the Rind failed: Mes, A 

upon: 75 8K ef > . Seco 

As the Difance ſailed HP, 169. 83 83 M. 1 . > 229014: af 22 

Is to the Radius, Sine 90 de. WWWV ed from 


1-2 So is the Departure H R, 113. 89 M 5 ig 
Io the Sine af PH R, 42. 11 deg. - 824177 
' Whole benen 47. 89 Ta ; the angle PHR, that 1s: 


North ar 89 de. W my an 221-01 at; en, er 
— . Then 


„* 


To the Side PR 126. 03 M. the Dif. of Ear 2.100371 | 


Which reduced into deg. makes 2. 10 deg. which is the dif- 
_ ference of Latitudes, which being adde to 18. 2 5 deg. The 
Latitude of H, from whence you came, makes 20. 3 5 de. 
For the Latiende in nich you are att 455 . ate 


* 


1 


The Eight 3 P R OBLEM 8 were an celblved by 
Right-angled Plain Triangles : Theſe which. follow, fall under 
the C A 's E 8 of Oblique Plain Gal 25 


pK O B. VII. rely 


: 22. 50 8 64. 50 Miles to, 
between the South and the Eaff, 124. 9 90.517 


that ſhe is in the fame” Latirade an bes 1 came 71 
would now know. 5 


I. What was the Rumb, 8 Conſe) 3 Dior. 5 00 Re A 
II. The Difference of Longitude betwen C and F.. | 
III. What Latitude the Ship was in, when ſhe WAS at p. 


The Geometrical Conſtruction · of - the Figure. 

Fir, Draw a Right Line NS for the Meridian; and at Right 

angles. * another W E, for the Parallel of, Latitude 23. po 
ort | 
econdly , Upon 5 Prbtract the Ang le of the Rumb North- 

Zaſt 22. 50 aeg and ſet thereon 67 50 M. the Hiftance fail 
ed from K to 55 63 throvgtfthe point D, draw NY Line 
Da, parallel to the Line WE. 

Thirdly, Take the Diftance Sailed from D to F 124. OO Miles | 
in your Compaſſes, and ſetting one foot in D, with the other de- 
fende the Arch 5 c, PR the Parallel of Latitude WE, in the 
point TF7. 


oC * 


a 6g 8 2 . Fourthly, 


- 


* * : - „ 0 - * . % 
: » j ” - p — bw " a 9 * * . * 5 - - - <> 2 © v = * . * - 
% * , = A * . : , 2 
4 . 7 - : $ ; - 2 
— 8 0 7 2 - 
5 * . 1 Pa £ 
2 , - Fo 
7 - bg 1 * 4 A J 7 - — 1 * p - 
— 4 "0 5 it. g : * . 
* * 4 Pal 1 N 94 : pA 4 ” * l 5 f 4 
thy” n 1 1 
2 8 5 wo. 3 * . — 17 . ; * 
7 * = ; * F | 34 oh * | 5 
6 * © Y C 
Pd j bh 5 8 * 7 - „ 
* 4 9 1 9 . , * * x e 
, «ay - RY » "" „ * * 
: — — «x 4s . ads £1 - 
, 5 \ 5 = 5 " . 
4 : 15 7 * P. 4 1 883 SIS * 
4 & wy * =; F % #7 7 - * 2 - a - 2 f - 
. 7 2 - 
. _ 3 * = 
E * * * 
* . — 4 
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| Tuben r + of Latitnde * "IS > 'Lxfr 
ike Coſine of the Runb HP R, DN 826, 35 ; 
Is to the Departure HR, 113. 89 M, © ante 
80 is the dine of Rumb. P HR; 47: 89 d. 22820227 
| 11.928806 


A Ship at C, in 22 deg. of North Latitude, 1 North-Eaſt Fi. 
q from D. the Sails LXIV. 


bl 


* 


"Fir 
LIV. an Oblique-avgle 


So is the Diffance failed, from C to D 64. 5oM.. - 1 809559 


5 1 mag and will be found to be 96. 22 de. Then, 


Io the Sine of the Angle D F C 28. 724: 9.68175 


As the Sine of DF C, 28. 72 deg. Hh 9.681 20 
Is to the Difance ſailed from C to D 64. 50 M. I. 809559 
80 is the Sine of the Angle CDE; 83, 75 de. 2997410 
A Eg II. 80697 
- To a Diff. of Lingitmde CP, 123. 43 M. 1125250 

| Þ- For the Diff” of Latitude, D G, gal Qs. 

By CASE NN. of R. * F. 1 e 

4s the Radius Sine - 10. 

To the Dif. failed from C to D, 64. 50 M. 1.80957 


| Hils Moilun + 
Fourthly, 7, Jo ynCD and FD, fo ſhall you 1. conflitutes 
d Triagh D C F, In which there is Given (1) The. 

Side CD, 64. 50 M. (.) The Side D F . M. and (3.). The 
Ane D CF, 67.50 de. the Complement of the Rumb failed upon 
Som C to D'; to find (1.) The Angles at D and P, the. NRumbu: 
(2.) The Difference of Coxitude between C and F: And ( 3.) The 


Difference of. Latitude, Ca. 


| -" = Wy Ponce Calculation: F 
7: For the Rumb (or Gonrſe) DFE, By CASE E. of © * 
TE 


EW. P. | 
As the Diſt. ſailed Senn D to P 124. o M. 2. 093420 


Is to the Co- ſine of the Runb, from C to D, 22. 50 d. 9.965615 


TT:775174 


| Whoſe Complement 61, 28 de. is the Rumb from F to D, 
that is North-Weſt. 61. 28 de; And — 61. 28 & 
from D to F. 


2. For tlie Diffeience of Limgitude c F. 
The Angles at C and. F being known, the Angle at D. i 1s alh 


80 1 is the Co- ſine of the Rumb from & to D 67. 50 * 9.965611 
To the Dif. of Latitude N G==2C, 59. 59 L. Tn 
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1 p RO. mT; 
Wo Skips ſet Sail, from the Port p, One 65 w Sails 


„ North-Weſt 70. oo deg; 106. ooMiles.tof e other Sails Fig. 
2 nth Jr o deg. 236- | 60 Miles, to. 1. Ten, 2 


I. How the two Sips at 0 25d , do Bear from each other. 


| And 7 4 # s 5 31 0 n I 3 
un Ther Ds. 


IF : * 4 2 1 a 6 F 


456 The Geometrieal Conflrtion: 5 8 * 
Having 1 our Meridian N 8, and Parallel W E, © 008 
each pre. at Right Angles inthe point P, which let be dhe Fort 


from hence the two Ships ſailed: Then, 

Firſt, Upon P, defcribe am Arch of a Cirele, as nom: And: 
becauſe the Conſe from P to O, was North-We 7 70. oo deg. ſet 
20 deg. (the Complement thereof) from o tom; and through 
m, 28 a Line, as PM O, ſetting thereon 106. oo Aube om 
by 10 Thr: 4 

Secondly, Becauſe the Courſe from P to M, was South-we 
oo deg. ro 16. oo deg. (the Complement thereof!) from fo, R 
And through », draw P x. ſetting thereon, the Diſtance failed, . 
viz. 236. 60 Miles from P to Mx | 
| Thirdly, , Jo . O and M. So ſhall you have conſtituted an 
Obligue- A ge POM: In which 1 is Given, (I.) The 
Angle O PM, 36 oo deg. the Sum of the Com 27 of the 
I of tlie two Ships. (2.) The two Sides P O 106. oo Miles > 
and PM 236. 60 Mile. The ſeveral r which the two . 
Ships ſailed + And by» help of theſe, may Find. (1) The 
4 wg of the two hr one from tl 1 : And (2.) Their 


* 
5 Trigonometrical Calculation. 


Re the Bowie OM P and M O P; 
By CAS E H. of O. A P. T. 
The Sum of the Sides, O and QM, is 342.06. M. 


q | Their Difference. N 130. os. M. 
a The. bal Sum of the Unknown Angles M and O, is 92.00. De. - 


No "OO 3 BY. _ | 


* 4 a ates : © - 7 Tas * 
0 * & * I * 
5 . 4 % 
Y - > 
. * 


3 n K Ws 8 * I 
5 * N * r &v1 e 
> 4 4 — F . Md. > N ' » * * 
” * * 8 6 
4 2 " 4 2. * 
ff : * 
+ p oy : 
— W . 
„ . 
* 
- * 8 
— 2 
? 4 
— 
* 
J = 
o * * 


A 
©-Y 
Fa 


% Fay 
* : 
Os 
GH 


= x Asthe' Sum of the Side 342. 06: CW 2534702 | be 
 -LXV. Is to the Difference of the Sides 130. 00 ; =: i» 
M0 So is the Tangent < of the. Sum of the e. 72 a: 10:4; - 
8 5 . 75 5 —  « 

Fe TothsTangen of 46. 85 degrees. - 8 Yo 18.027466 M 


Which 46. 80 deg. Added to 72. 60 g a half Sum of the 
- Angles O and M) gives 118. 80 d. for the Angle MOP; 5 
And 46. 80 d. ſub Hated fem 72 cod. leaves 25. 20 deg. ks 
for the leſſer Angle OM P. s 
Now for the Bearing, ſubſtract the Bearing of the Ship froth P 
to O, viz. 72. co deg. from 118. 80 def (the 3 of the 
M P) there will remain 48. 80 deg. for the Angle MO Q, 
which is South Veſt 48. 80 d. and fo Joh the Ship at as from 
the Te at M. And the Ship M, from O, North-Eaſt 48. 00 * 


the. 
33 For the diflanceof the Ships NI and . 20. 
As die Sine 5M O P, 118. 80 d. (61: 260. 9. 228555 . 
7 | 15 to the Diſtance Gl from P to M. 0 60 d. 72 374014 10 
| So is the Sine of O P M, 36. oo OE 2282218 ” 
: cy, 1 12 143232 8 
To the Dl. OM 58. 70 M 2.200576 LB 
8 e . 8 
En HERE . Two Iſlands, as R and M, bie lie her 5 
| LVL, North and: South: of each other, and are rt 37. The 
| * "Miles; And chere is a third Iland at L. which is fifa a 3 
that at M,. Fo. 64 Miles; and from that at 80.55 92 Mile; : FA 
' Now I would 3 How _ 1 at hy bears from the other 55 
two Wands M and K. 5 1 
- | The: 3 Conftrogion, : Sat. ol 05 
Having draun Ns for the Meridian, and W E for a Rabl of : 


Latitude, croſſing each other in- then point * nich let be the 
Pf of one of the Iands; Then 
J M, lying directly North * t the Diſtance 
of 37. 75 M. Set 37. 75 from K to M. — 9.3 Na the 
To aud at L is diſtant from the Iland at K, B 92 M, w nt 
iſtance, ſet one foot of the Compaſſes in K, and: . the öther 
deſeribe the Arch ab. —_ the 4 of the Iſland at L, 


being Z 


\ 


being diſtant Robn M 5%. 64 Mil. With Tak c 
. Ps in M, and with the other deſeribꝭ en 
theꝛfbren anch b in I.: &—rLaſty „y LIM. end EK, 
ſa fall. have cenſtituted l an. 140 Nia MN KIL Ne 
in which all the, _— 8 are. Given · An K hh N K and. 
Mare e rer <1 oamino) e 


* 


1 to e , Nr 14 755 oh p 
tlie Diff f Ker . ES 727, | 


Tae part of the Greater TI wy 20 Fo 
This L O, 26. 34, ſubſtracted 5 

the other part of the longeſt ſi KC 107 | 

209. the part KP or ON. And EY 1 5 m e 

PAS KLM, is Reduced i 1 5 Right-angled 122 ler 91 P 

and wo 2 . nds 9 5 gi 
WRI el other TY may. by 

LE. 1 FE 2575 

to be- 43+ 71 de. and the WIL 75 

L Bears from K 8 43. 7 WT 5 140 

RE GE; | J> 7 x T3) A 10 t = pg 


P R O B NX. af 8 Nee 
Ee 81 10 1 hob os * A mou b D: '3& xtitdut . I zl 7 11 

nee 22 gs Had End, at B und G, whi 
356.00. Miles; Ant there is 2 FortHaAt A from v 7 
fail: to thoſe. two Head. Lands, the Ship from R to CJ fails 
| South-Eaſt 34. 90 deg. and that from A to B, So uth-W: 1. 
72. 10 de. And both7the. Ships together have failed 424. 


12 Miles. I demand the Difance that each Ship: ſaid; 


2 b 125 far;are. either of the e wo —_— oe” 


INE 4173 35400 hon 2517 eta Ie | 9 8 DRY 
3 Te Gorbetrieal G 


7 Yip Falling Ger- of;34- Ho legt and thei A Sutz 
os * 1 deg; 3 e thoſe Rum is top oo de. . 
here . 


| i 


« 'croſhitg 0 


e 5 Ae og, To -Þ 4 50 a8. 3 7 ? 


gie — 
I ce two Ships rx. 


N * * 7 - 
1. l 9 . * 9 
e - * BOTS t * N f PR — — 4 
ö ' 2 
7 . 
« 2 
3 


— : 's = . 2 | 5 f oY H | | | * , | 
222 | Anci 4 Mat ation. = 


Fg. Firſt;Draw two Linesat pleaſure, as A B and A C, making he 6 


LXVII. 4gle at A, equal to 107, co. de. 
terthem between the two Lines at pl. 
>ſtituting the Triangle A BC. N RES 
- Thirdly, Continue the Side B A to D, making A D equal 
to AC, and joyn CD, conſtituting another Oblique- angled 


Triangle D C A, in which there is given. (1) The Angle 


at CAB, 73.00 deg. (the W.. of BAC to 180 


deg.) And ( 2) The Angles A C D and ADC, each of 
them equal to half the Angle BAC, vix. to 53.50 deg, 
Then in the Oblique-Angled Triangle D.C D, ay, _ 


As the given Side B C, 356.00 MW.  _ 2.551450 


Is to the Sine of B D C, 33.50 de. 9.905178 
So is the Side B D, 424.12 M 22827488 
To the Sine of 73.27 demg. 132432866 

T "RE 9.981216 


' Which is the quantity of the Angle DC B: From which ſub- 


tract the Angle ACD, 53.50 de, there will remain 19.7) 
d. for the Angle AC B. Then in the Triangle BAC, 


As the Sine B A C, 1907.00 d. (7300) 92.980619 

Is to the. Side BC, 356.o. 7145510 
So is the Sine of A CB, 19.77 de. _ 9.529231 

| 55 12.080681 


e A, zB. 0 M. 3 See A 
Which ſubſtracted from B D, 424. 12, there remains 298 M, 
for the Side. A C. the Diſtance that the other Ship ſailed. So 
«that the Port A, is diſtant from the:Head-Land C 298.22 


M. And from that at B, 125.90. 
„„ ; p R Oo A XI. | 


y. Two Ships ſet: fail from two Head-Jands at B and C, diſtant 
LXVIII. from each other 356. oo Miles; and meeting together at A, 
they obſerve that the two Head · lands bear ſo from their Ship, that 

they make an Ale of 107. oo deg. Alfo, the way that both 

the Ships have made from B and C to A, doth amount unto 

4424. 12 Miles: Ldemand how much of this each Ship failed. 


Q * 2 
* 
/ : | . 4 . 
7 * 


ure, as at B and C: con- 


a | x * r 160 od c > Ber” * V : R * * " 2 p 
. Y : ; 2 8 * : 5 7 4 AE 8 2 p, F * * Prey” 
> C a. _ 5 wk I" £4 3 THe I * « 7 F * + 4 - Q - 1 1 
— x * ” Þ * ” 4 . %, Xt [i 8 2 5 5 + 
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N of Novigetio... FF 
5 7 "Be 
oy; The Geometrical ConftruQion. 1 LXVIII. 


Firſt, © RAW a Right-line at pleaſure, as B A D, and upon 
APY point thereof, as A, Protract an Angle of 
107. O0 deg. 5 
Se The Diſtance of the two Head. lands being 356. o 8 
Miles enter them between the two ſides, at B and C, and joyn | 1 
B C, making the Triangle B A C. So 5 
Thirdly, Make A D equal to A EC and j joyn CD, fo have 1 
you conſtituted another Triangle A C D. 
Now in the Triangle A B C, is Given. ( I) The side BC, 356 
co. (2) The Angle B A C 107. 00 deg: And in the Triangle : 
AC, the Angle B A C being 107. oO de. the Angle ly 
muſtbe 73. 00 de. And the Sides A © and A D, pap 
cmſirudtion) the Angles ADCand ACD, muſt be alſo equa . 
viz. (each of them) 53. 50 deg, And being thus far 5 
you may Proceed to find the Angle Cr -* | 


| By Trigonometrical Calculation 
Jo the Sine of the Angle ADC, 53. 50 d. 1 horns _ 


80 is the whole Side BAD, 424- 12 X _ 2.627000 

: 1 
. Toa fourth Sine, 73 06 d. 9.980729 

: This 73. os d. ſhould be the r of the Angle D CB, 
but (by the conſtruction) the And e you ſee is Obtuſe; and there- 

5 

2 


fore the Complement of 73. 06 deg. to 180, vix. 706. 94 deg. 
is the quantity of the whole Angle BCB. From which if you 
ſubſtract the Angle ACD, 53. "Fo des. chere will remain 53. 44 
deg. for the Angle AC B. 


Then | Et 
As the Sine of B AC, 107. (73. 00d). 9.980619 ? 
Is to B C 356. 000 | 2.551449 

0 80 18 Sine A CB, 53. 44 deg. . 20.904842 „ 

, __ | 1 456291 . =_ 

h To the Side B A. 299. 0 475672 1 
1 And ſo much did the Ship fromB, fail to A, and that lüb. | _ 
eld from 424. 12 there remains 175. 12, and ſo much did . - = r_ 
the Ship from C to A Sail. ; | 
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U. Of N E RC AT OR. Sang by the Tg 
Sea-Chart. | 


L L the foregoing Problems ave performed by by that kind F 
A Navigation, commonly called Plain Sailing, or Sailim bythe 
Plain Sea- Chart; in which Chart, the Degrees of Eongitude and La. 
titude, in all Places, are ſuppoſed to be equal; which is Erroneow, 
though moſt practiſed : But there are two otller wa ys of Sailiy, 
both more exact than the former, the one called Hercatars, the 
other, Sailing by the Middle Latitude. J 

That of Mercator requires that the Degrees of Latiends i in that 1 
Ghart be wlarged as they go farther from the quinoctial towards 
either of the Poles, which is done b- y Reducing them into Meridio. 
nal Furts: but the Degrees of L. 3 into Miles and Centeſns, 
as in Plain Sailing: And for the -ducing of Degrees and Mimtes 
of Latitude into Meridional Parts, T have here inſerted a Table for- 
the ready performance thereof, to _— Degree and Quarter, os YT 
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A Table of Meridional Parts : 


4 bs * 2 f 
% 1 @ 


| 4ncilla Mathematica 


Degrees 


* NAA 


73 


821 


7 5475 
5631 
5795 


. 


—Centeſmes. 


4.905 
5040 
5179 
5324 


5967 


. 25 | 


175 


4807 
4939 


5215 
$361. 


| $513 
5672 


6011 


6336 
6535 


6747 
| 2274 


6147 | 


6193 
6381 
6587 | 
6802 
7030 


7530 


8465 
288239 


9278 


173156 


5074 


9735 
10288 


10946 

11761 
12821 
14381 


| 


5837] 


7819 
8127 | 


6056 


50 
4840 
4972 
5109 
5251 
5222 
57552 
5712 
5880 


6240 


6432] 


6640 


6857] 
7089 
2328 


7605 


7894 | 7 
8209 


8555 


_8939]_ 


2371 


9865 


10441 


1113311 
11322 | 
14015 | 


14914 


18729 | 


* 


2875 
5006 
5144 
5287 


5592 
5754 
5923 
6101 
6288 


—| 


5436] 


- 


oe Nuvigation" 
25 : 15 . N 5 EB TED 
- The Uſe of the Table of Meridional Parts. , 
What AMeridional Parts do anſwer to 26 deg. of Latitude. 
Latitude 26. oo Deg— 1616 Merid. Parts. 
| 24. 25 Deg — 1509 M. P. 


JJ. 50 Deg-— 2247 MF: 
63. 05 Des 555 „ 


2. What Degrees and Ceteſins do anſwer to. 


679 Merid. Parts? 511. 25 Deg. 
3522 M. P. PaAnſwer Jo. 50 Deg. 
9488 M. P. 8 3. 7% Deg. 


For the Reſolvi of the following Problems, which (in kind) 


will be the ſame with thoſe in Plain Sailing as to the Trigonometri- 
cal Work. But in the performance of-them, I will ſet the places 
propoſed down upon a Sea- Chart, made according to the Projection 


Eg. 
XIX. 


of Mercator, where the Degrees of Eatituds are enlarged according 


as they tend nearer and nearer to the Pol? : And on the out- ſide of 
ſuch a Chart, I have deſcribed a Plain Sea - Chart alſö, where the Meri- 


diaus and Parallels of Latitude are every where of an equal diſtance; 


and ſo wrought the Queſtions according to both Charts, by which 


% 


the difference will more plainly appear: And the Chart which I 
have here made to work the — Examples upon, begins (at 


the bottom of it) at about 4.9.50 deg, of Latitude, and extends up- 
wards to 55. 50 deg. of Latitude; and at the Top and Bottom to 


Six Degrees Difference of Longitude : But the Parallels of Latitude : 


in the Plain Chart, (which are diſtinguiſhed by Pricked Lines) ex- 


7 


tend to above 59 deg. of Latitude within the ſame Bounds. 


The Latitudes of two Places, and their difference of "Longitude: 


being known; To find, (1) The Rumb leading from one 


7 


cording to Mercators Chart. 


| tothe other: And (2) Their Difance upon that Rumb : ac. 


Buy 'Trigonometiical Calculation 


2 one Place be at A in the Latitude of 50 deg. and the other 


at C, in the Latitude of  55.:deg. but differing in Longitude 


Faſtward from B, 6. 50 deg. which two places thus ſet down in 


the. 


wy 20 Ancill 1 ee, 


Fig. the Chart, -draw the Line A C, which is the Rumb (or Comſe) 

| * from A to C: And thus have you upon your Chart . 
a Right-angled Plain Triangle A B C, in which you have given, (x) 
B C, the Difference of Longitude 6. 50 deg. which you muſt Reduce 
into Miles (or Minutes ) of Loygitude by multiplying them by 60, 
(as in Hain Sailing) and they make 330. oo Miles — (2) AB 

the Difference of Latitude 5. co deg. which mult be l into 
Meridional Parts thus: 


The Meridional Parts 0 co d ỹ,ęet - e 
For 55: 0 F 
Their Difference — — 493 


Which are the Meridional Parts anſwering to the 5. oo deg. Die- 
rence - 1 of the two Places A and & ; "nn by cheſs you 
ma 4 n 
I.) The Rumb B A C. 1 
0 2) The Neridioual Diſtauce upon the Rumb A C. 


By Trigonometrical Calculation. 
: (1.) For the Ramp BAT 

As the Merid. Dif. of Latitude AB, 493 M. P. 2.692847 
Is to the Dif. of Loygztude B C Ne e 518714 
So is the Radius, Tangent 45 deg. 8 e 


0 Tangent of BA C 23. 80 degrees. 5 "9.825607 
Which is the Rumb, leading from A to C: atk Complement 56. 


20 deg. is the Angle B C A, or the Complement of the Rumb : 


For the Meridional Diftance on the Rumb AC, 
As the Co- ſine of the Rumb: BCA, 56. 20 d. 2919122 
Is to the Merid. Diſfer. of Latitude AB 493 M. P. 8 5 

So is Radius Sine 90 deg. | Ne 
55 


To the Merid. Diftance A C, 593.27 M. P. 27722 
Now to find the Meridional Degrees anſwerable to theſe Aeridi. 


onal Parts, you muſt 
Firſt, Subſtract the MP O of AB, from t MP of AC, their 
Difference i is 100. 27 M. P. the half whereof is 50. 13 M. P. 
Secondly, Add this half Difference” 50. 13, to the Meridional 
Hurts of the Greater Latitude 55.-00 deg. viz. 3968, and it makes 
4018. 13, which are the Merid. Parts anſwering to 55. 50 deg. of 
| Latitude, — Alſo, ſubſtra# this half Difference 50. 13, from the 


Meri, Parts of the xe Loſer Latitude - 09 iS bas: 3475», and the 
Remainder 


_ | MS. 


* - 
- 


4 8 + : 1 2 N on 5 | CES 4-4 
ee Navigation. 1 JW 
Remainder will be 3424. 87, which are the Merid, Parts anſwering Fzg. 
to e c i 
Thirdly, The Difference of theſe two Latitudes laſt found, vizs, 


55. 50 de. and 49. 38 deg. is 6. 12 deg.” And that is the tre 
Diſtance upon the Rumh between A and C, in Degrees. 

And according to this Method, may all the other H oblems 
(before wrought by the Plain Sea- Chart) be performed by D. 
Caleulation; by the ſame Canons ; Only remember, to Reduce 
the Difference of Latitndes and Diftance on the Rimb, into Meridi- 
onal Parts, but the Difference of Longitude into Miles, as in the 
other. | „ „„ af, BY, 30 WR CT 4 
Now that you may ſee the Difference between theſe two ways ;: 
See the Figure of the Chart, wherein the two Places.are laid down: 
by the Plain Chart; as in the Triangle A OS, which Triangle be- 
ing reſolved (as is before ſnewed) you will find. | 

(1) The Rumb OQAS, to be 47.. 73 deg, © 
Dißffering from the truth 13. 93 dleg. 
(2) The Diſtance upon the Rumb AS; to be 7. 43 de. 
D.iiffering from the otler d os 

And let thus much ſuffice for Sailing according to Mercator. 


* A aff 
1 
i +0, 3 
. * 89994 4 


There is a third way of Sailing, which differs not much from 
this way of Mercator's, but may be performed without Redudien 
| or uſe of Meridional Parts ; which is called Sailing. by: the Mid- 
dle Latitude: of which a little. 3 2 


/ 
„ : : 9 #4 f! * 
a g 5 4 1 | 


TY —ä— 
* 
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UI. Of Sailing by the Middle Latitude. 


L Pall exempleſie this way of Sailing by Four of the moſt uſual 
1 Problems in Navigation: And they ſhall be the ſame as in the 
foregoing :. whereby the Difference will the better appear. 
Sr F 
The Longitude and Latitude of two Places, A and C, Given: 
to find, | | . 
1.) The Runb BAC. 5 
2) The Diſfance upon the Rumb A C. 


LET 


/ 75 


330 | 
FEE one Place be in 50. co de. the other in 55. oO os of 
North Latitude: And 6. 50 deg, difference in Longitude : Then 
the Middle Latitude between 50. oo deg. and 55-00 Nr is 52. 50 
de. And its Complement 8 deg. Then 


(1) For the Numb: The Proportion 1 is, by” 


- 


9 Wann * 
C C - 4 * * 
” - . * 
« - . g =” 2 7 * 5 
N * * 8 
* . 
— * 
- 


Ancilla Mathematica. 


As the Difference of Lat. 300. oo Miles. 2.4771 * 
Is to the Dif. of Longit. 230. 0o Miles. 22318524 
So ĩs the Co-ſine of Middle Latitude, 37. 50 de. 9.784447 
To the Tangent of 33. 81 de 3 5 
o the Tangent of 33. 81 de a 825850 
Which is the A BACE 7 | 2 rr 
(2) For the Diftanceupon the Rum. 
The Proportion is, . 
As the Co · ſine of the Rumb 56. 1 " | 9.919542 
To Radius Sine 90 de. | 0 
So is the Difference of Latitude, 300M _ 12.477121 
To _ Diſtt 361.06 M. 1 2.557579 
P: R O B. II. 


IN. Lale dr ef two Places, A and C, and che umb, BAC, 
(or Conrſe) between them Groen : to "> 

(1) ons "Diffrm A f * 

(2) Their Difference itude 
8 the W it 1 een a i in the former  Problen, 


« 2) For their Diffirence of 1 This i is 
The Proportion. | 


As the Co-ſine of the Middle Latitnde, 37.50 * ; 8 9.78444 | 
Is to the' Difference of Latitude . . 
80 1 is the Tang. of the 1 3 3: 81 de. 5 As t 

1230999 7 
To the Di Hence * Leina, BC, 33001 * 2.5 1855 f 1 
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Tho Proprtion. : Bi 5 


As the Diſtance Ap, 8 — — | 


To the Difference of Latitude * EE. 12477121 
So is Radius go deg, » 
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Jo the Sine of 5619 deg. | 9.919542 
hw " Ln 33.81 PR is the Run BAC: from. 25 
idian. 


PROB. Tv. 


Hook one Latitude, the Rumb, and Difan upon the Rub, : 
to find the Differexce of Latitude. 


The Proportion. 
As the Radius Sine 3 8 5 5 


To Co-ſine of the Rumb, 56.19 deg. 9. 919542 
80 is the Diſfance upon the Numb, . 3557579. 


To the rs ew 0 er om 400 X - 72.477121 
* Reduce res Is 5-00 * —— * 


z P PROB. V. 


He ving the Rumb and both Latitades given, t to find te Dif 


rence o Longitude. . 
The a 


As the Co-ſine of . Mid. Latitude, 37.50 de. 9.784447 4* 
To the Difference of Latitude, 300.00 M. 1 


So is the Tangent of the Numb, 23 SI * 2828825 


12.302997 
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To the Tangent of 30003 M. N 2718550 
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R 
0 s applyed to 1 t part 
nomy which concerns the Diurnal Motion of the Swe 
Fred Stars: Now, in this Section, I ſhall diſcourſe. ſomet 
'of the other Stars or Planets, which have a Secondary: 

their own; ſhewing alſs, how: ſubſervient Trigonometry'is fort 
 Caltulathy af their true Places at any time, as alſo in comp 
ok their Magnitudes, Diſtances, &c. And in order thereunto 1 


0 


firſt give you a brief deſcription of the Planetary & Rem. 


0 : « , I . 1 ww 5 
, F.. 


the Planetary Syſtem. 


* ; , 2 — — 


LS Syſtem my be Huffciently repreſented as in the Figure 

Firſt; The Sw! being 3 in the Centre, hath only 2 Rotation from 
* Wop to af, upon its "own 41 in the ſpace of 26 days, or 
. c 


* 


— 


5 their Planets Revolationabout the Sun; - 


which the Revolntzons of the other. Planets: arerefegred. 
| Secondly, The. Planets are moved about the Sm, from Veto 
Eaſt, in ſeveral Orbs, which return into themſelves, every Planet 
in Time proportionable to the Magnitude of his Orb and Diſtauce 


from the Sim; the Motions of the Piimary Planets, h, V, d, D, 


2, and. B, being form, perpetually conſtant and regular. . 


. | I The Figure of the Syſtem '/, + 
Hg. The Circle 8 BCD, denotes the Fay and Revolution of the 

LXX. Planet Mercury, about the dun, in 88 Days — The Circle 2 E 

F G 2, the Revolution of Venus in 225 Days The Circle @ H 

IK O, the Revolution of the Barth, with the Moon in one Lear 

The Circle 3 L MN &, the Revolution of Mars The Circle v 

OP Qu, the Revolution of Jupiter, with his four Companions (or 
Satellitzes) in twelve Vears — The Circle h RS T b, the Revolu- 
tion of Satun, with his Rin and Moon, in Thirty Years. 

The. Moor alſo moves round the Earth, every Month Fapi- 
ters, four Companions, move. about him according to their Diſtances 
from him. The Firſt (and neareſt to him) in One Day and 
18 Hours. The Second, in Three Days and 13 Hours 

The Third, in Seven Days and 4 Hours. — The Fourth, in 

26 Days and 5 Hora. Saturns Moon moveth about him in 

- Sixteen Days: And all of them from Veſt to Baſt, according to 

* 


Theſe Planets, whoſe Revolntions reſpect the Sus only, as Satum 
Jupiter, Mars, the Earth, Venus and Mercury,” are called Primary 

Hauets: The other that move about Sat, Jupiter and the Earth, 

% © oO fo on MS nh ea eg, 
The Secondary Planets, are all of them much [Liſs in Magnit ude 


than their Primary; and all the Planets together, much Lejs than. 


-- 
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much thereabouts: His Centre being an immoveable Point; to 


& H 5 P. N 
* the Thy of the Sun and the other Penny Planets. 


the Motion of the Primary Planets about the Sun were 
Tric. was firſt diſcovered by the learned Kepler, which 
he dedueed from tlie acurate Ohſervatiaus of thę. Noble Daue H- 
chobra. And therefore, in ſuch an E Liptical ure, may be de- 
ſcribed all ſuch Points, Lines, Arches, & as are requiſite to be 


known, and to inform the Fancy.i in the Trigonometrical Ca lculati- 


hen, of the Kuntz e But before E, N fo: far, I muſt 
e ; 


3 | Op 2 - 4 774 015 * 95 


my 


= "Pow to Gerbe a an Eu; TI 4 11 
Cabberbit * Definition of this Figare, arte that. it is one ob 
the Seckions of a Cone, and the many ways that it may be Arti- 
ficially deſcribed, I ſhall fay nothing, referring the Rogen to Mi- 
dorges, 140 others. that 0 e written of the Sections of 4 
Cone, © Brit to his vibe ſuch a Pigure Mechanicalh. Th us : 


About 207 Two. gbr. Li res. « Goren. p de los Diameters of 
El, to deſcribe fuch an Eh. 


12 _ Line P J be the Linger, and RM- the Shorter: indes 


Compalies, an ot one foot-in:R or M, the other will reach 
upon the E ee to the Ports: Z and 8, which will be 


the n upon which the Elinis a = * M muſt be nn 


Wherefore... 

In the riro Point Z — 8, Fixitwo Zine, Nails: vip the likes z 
and about the * A String ſo long timt being — 
reach Fam e the Pin at 8, to the end; of the a at- Hg Or 
from the E at Z to the- end 5 f6 then. the whole length of the 


String, - will be twice as long as the Diftance S P or Z T7 . | 


Sri at that. length, joyn at both ends: Then; g this 
ver the two, 8 at Z and: S; With a 7 Par (which: - 
Ns 2 Black-Lead Pencil, or ſuch like ) move the String abouei 


— the two Fixed Pins Z and 8; and it will by its Motion de- . 


{@ihe ap os, ſuch as is the * PCREYFM "GH. f 5. 


R. 
given: Let them croſs one another at Right-angles in B. This LXXI. 
done, Lake half of the. Loe Dianrter B Pr BH, in youỹ 


n 


ͤ—— — 2 
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1 1 : FP "ot 3585 III. 
HAF. IH 
1 ”y 2 | +4 n ende h > > Or 
| the Motion af :+he' Planets in #he-Fllipſis. 


P this « Elliptical Figure,” the Line P Y is called the Tranſverſe, 
15 


% 


s; upon which two Points the Elliptical 
"And the Elliptical Figureit ſelf PC RET FM PP be the Ori 


1 (or Longer,) And R M, the Corjngate (or Shorter) Diameter 
of the Bllipjs,——-S the Lower, and Z. the'Upper Focus of the Elly 


ure was deſcribed 


of the Earth, or any other of the Primary Planets :- S the Place 
of the Sun; (the common Node, and Centre of the Planitary Orbe, 
to which the true Motions of the Planets are referred,) in the Lower 
Focus of the Elligſis Now, a Planet moving in the Ellis; 
when it ſhall be in P, it is in Shelion, or at its Greateſt Diſtance 
from the Sun When in VJ Perihelion, or at its Mearęſt Diftance 
to the Sm About the wiper. Foci of the Ellipfis Z, the mem 
Aſotion of the · Planet is regulated: B is the common Centre of the 
Figure-+ BZ or B'S, the Excentricity: And :S Z the double Ex- 
The Figure thus deſcribed, the next thing to be known is, after 
therein. C e 


Firſt, The men Anomaly of a Planet, is its-equal Difance from 


P, the Apbelion Point of that Planet : And this "Anomaly is to be 


accounted. from P, to P again, And here it is to be obſerved, 
that a Hauet moving in the Elliptical Arch PR M, upon the 
Focus Z, is as long time tracing the leſſer Arch CP P, as he is 


ithe greater C M; the Reaſon is, for that (the mean Motion 
being made upon Z) the Planet deſcribeth equal Angles in equal 


Intervalsof Time: And it is alſo evident, That if the Motion be 


5 * = 


-equaluponone' Focus Z, of the E lips, it muſt de megual upon 


the then 8, in which the Sun is ſeated. 


For inſtance: Suppoſe the Planet to be in C, which is 90 deg. 
from the Apbelion Point P, then will the gde of its mean 410- 


mah be PZ C; but the Co-equated Anomaly will be the Ange P 
B. C: And the Angle at the Sm P 8 C, which is the Ale to be 


r $+Axs 5 
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How to 70 he Angle that a Planet (54 ar” 
2222 25 woke: 1555 the Sun 35 and, {4 Ki 1 | 


Ur 8 be . x thi Centir of = Places en Ari 
the Points H, A, T, ſeveral Places of the Hunet in its GW 

from the Aphelion point 12 then will the ſeveral Angles PX H, 

PX A; PX T, repreſent the' romaly: of the Platt : And che 

Angles P SN, and PSM: the eee Noir theſe . 

ger may be found asfolloweth- Fo 

Suppoſe the Mear Aubmaly of the Earth being at H, — 320d 

thisis repr 5 telt w. Angle P.XH; whoſe: Complement BXH, 

is 150) whereof, with the Comm — - 
contrictty, 108 true lace of che Planet * de found by . 

metrical Calculation. For, FL: SEES | 

Firſt, In the Triangle HXB, there is Given, (ay The Anglo a 

H X B. ISO. oo d. the Complement of the Planets Aſean Anomaly 

to 180 (2) The Side B H, the- Common Nac and 5 

(2) The Side E X, 1685, equal to half K 8, the.Exc 27 * Tg 


which you may find the Angle B H X, B CASE I. of O : 
P. T. Then, | 1 * 
(1) As the Common Radius, B H, 100000 Parts - | ik ©00000. . 
To XB (half: the Excentricity)' 1885 P. 3.246599 
80 is the Sine of H X B, the Complement of they, < 28970 
Auomah Hz P, 30 d. to 180 deg. . 9: 
J e +4 
To the sine of B H x 0.483 deg- 1 252805 a 
And therefore the Angle X B H is 29. ca 1 Se: dowd 


whereof, 59. 36 deg. is the * of Fariation. -. 


Then fay, Secondly, - Lge * 
2) 0 Nas Sine go d. een I, 
Is to the Sine of the Greateſt 7 aviation 3 


(which is) 0-24. deg. UN e W | 
zo is the Variation laſt found, 59. © 34. d. r 
To the Sine of o. 019 "deg. . 8.527382 


Mich! is s the Fe pays required, 7 be. 


1 * 
4 * 42 — Oh 


— my — — — es 
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Now, foraſmuch as the Planets are moved in E Lipfes, ind: not 
in perfect Circles, the next thing, therefore, to be enquired is, the 


"Planets Place in the EI ſis And to that purpoſe, about Z, let 
.- there be deſcribed a little Circle K ON, upon which from K K bs 
N, I' number the Arwmaly of the Epucicle 59.034 dep. 


before 


found, and then will the Angle P BZ, be equal to ey correfed 
Auomah; y; and ſo is N the place of the Planet i in the Bini; and 


the Angle Z B N, the . of the Epicicle ; or (which is the 
ſame) the Difference between the Place of a Planet in the Circle, 
andi in the Dipfes : And may be found ene thus. 


Thirdly, In' the r B Z N, you have wen, (1) The 
Side B Z, the common Radius 100000 P. (2.) The Side Z N, 
00008 P, the Semidiameter of the Epicicle. (3) The Angle BZ N 
120.98 Deg. by which you may find, the Angles BN Z. and 


2 B N, (by CASE II. of O. A. R. T.) Thus, 


* 


The Angle N Z B being 120.98 deg. the Complement to 180 
deg. is 59.02. deg. the /half whereof is 29.51 deg. The Side B Z 
is I00000 P. the Side Z N 00008 P, their Sum 100008 P, their 


Difference 99992. Then, 


(3) As the Sum of the Sides BZ and Z N, 100008 =_—_ 0033 


Is to their Difference 9 8 
80 i the Tang. of half 28 N and ZNB 29595 d. _9.752818 
5 3 
To the "BT of the al Daforence 29. 502 4 3 


This half Difference, added to the half Sum, gives 59.007-de 


forthe Al Z NB: And r n it, leaves 0,003 5 


for * N B Z. 
I hben again ay. 3 f 
de Se of BN Z, en 2 . 
Is to B Z 100000 P. VVFVFFPCTF 8 OL 
So is the Sine of B Z N, 5902 d. ARS + +25, ao 
ET Tak 15.933143 
To the. Side BN . „ 580005 | 
From the Angle BP Z 29.502 „ 355 
Subſtract NBZ. 05 


ö | | | There remains PBN 29.497 Whoſe: Comp ment to 180 


ee deg. _— 8 N. jo 


1 * 
* 


— 
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Fourthly, In the Triangle BS N, there is Phys (1) BN FE. 


"| 


100004. (2) B 8 1685. (3) The Angle containe by them, "SBN LAXIL 


150.50 deg. 
| Then, 
As the Sum of BN and B 8, 101689. l e i 
Is to their Difference 98319 | 4992637 1 
So is the Tangent of half B 8 N and BNS 1477d. o 1 


14.413666 
To the Tangent of 14.30 d. the half difference. 9. 406388 
Which added and ſubſtracted- from the half Sun, ou | 
29.07 des for BS N the Angle at the Sim. 
. . "And 47 deg. for the Opt. Aquation B N S. 
Then fro the Mean Azomaly P X H 30. oo dg 
Subſtract the Angle at the Sum BS N, 29.02 


There remains the Preſfapheriſis. 0.93 
Again, 5 . 3 
As the Sine of B S N, 29.04 de. 9.686115 = 
Is to B N, I00004. "5.00002L N 8 
80 1 Is the Sine of BS N, 175 50 deg. (8 29. 50.) 9.692338 _ : 
; 44.692359 _ 
To SN, 101564. 5. 006232 | 3 


Note that when a Plaue is in any of the Points P, A. e Y, 
there is no Variation, but being out of any of theſe Points; it hath 
4 772 more or leſs, and is at its greateſt when the E longation. i is + 
from any of thoſe Points,———And note — 
$5 aviation augments the Places of all the Planets (Venus and I 
the Moon excepted) in the Firſt and Third Quadrant: of the Orbit; | — 
But in the Second and Fourth; it diminilbes t Plants place; 40. 
ey to the quantity of the Angle of 2 ariation. And as this 
Exam — was wrought, the Earth or other Plauet being ſuppoſed 


in the Firſt Quarter of the Ellipfis ; the fame is to be underſtood 
and performed, if the Planet were in the Second, Third or Fou4th 


as thereof, as is plain by the Figure, 3 


, 
— ON EEE on 
e. 
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tion in the Elihſis And this is true alſo, in all the Primary Planets 
as in reſpect to the Sm; who. is ſeen, from. them; to change his 


/ { CEP 
2 27 — F ; g . 
0 , 2 % * 8 9 4 N = 
Bo r Y Ba 3 * 1 2 ak 
, N 
Milla emalica. 


CHAP. v. ä 


Of the Two-fold Inequality of the other Primary Planets. 


HE Sim ſeems to be moved under the Plain of the Echy. 
tick; But it is the Earth that performeth this Motion about 
the Sum, who is ſeated in the Focie of the Farths Ellipfis : So that, 
as the Earth is moved under the Ecliptick Orb, ſo much the Sm 


appears to move on the contrary: part thereof: And from hence 


may be concluded, that the Sm (or Earth) can be ſubject to no 


other Hrequality, than what is produced by their own Simple No- 


Place, according to the quantity of their Motions. 


No, For as much as the Earth is far diſtant from the common 


Centre of their Qrbs (which is the Sun) therefore it is, that by 


their different Motzons, and various poſitions of their Orbs) they 
ſem to us to be ſubject to a ſecond. hiequality; which is not eſſen-. 


tial in their Motors, but accidental only; being cauſed through 


the great diſtance of the Point to which their Places are referred: 
So that the Planets ſeem to us to have a different ſpecies of Motion 


from the Natural Motion in their 1 Orbe: they appearing 


at one time Direct, at other times Retrograde, and ſometimes not 


to move at all, but appear as Stationary : To be nearer to the Earth 
at one time than at another; and appearing to the Eye of a 


Greater and Leſſer Magnitude : The cauſe of all which various P:/ 


4 1 
75 


—N 5 


ſons will manifeſtly appear from the Calculation of their Places, 


whick ſhall be the Work of the following Chapter. 


2 
* 
OD * 7 S kn. n 0 —_— a. Af ——_ —_—_ 7 : 


CHAP. W. 
To Calculate the true Place of. a Planet Trigonomretricalh. 


Etaining tlie ſame Method deliver'd in the laſt Chapter, I 
R ſnall give an Example in the _—_ out of the place of 
the Planet Mars. The Sun being in 5.85 deg. of Scorpio, and 
the mean Anomaly of Mzrs from his Aphelion point 55.47 deg. 

RN IT IT ROM ne 


Angle of the greateſt Inclin. H B V. I 2.51 fl. 1. 36 dl 1.8 3 d 


* 


0 Theorical Aſtronom)). 341 
The reſt, as in the following Table. And from theſe things gi- Fig. © 
ven, the true place-of the Planet Mars may-be found. LXXIT 


A Table of the Semidiameters of the Orbits and Epicicles ; the 5 


Excentricities; the Greateſt Variations and Inclinations of 
_ Planets, in order to the Trigonometrical Calculation of their 


5 — — n 
Femid iam. of the Circle PA V. [95250 521300 lf 52040{1 72405 33192 | 
'Semidiam. of Epicicle Z N. 78 29 327 81 1 429 
Excentricity B XB S. 54800 24969] 1411 1788] $30} 8100 
The Greateſt Variation of the Ano o. oꝙ di o. os di 0.25 d 0.02d[0.02 dit. 30 d 


— 4 


The Trigonometrical Calculation. 


I. Then, In the Triangle XH B, there is given, (1) The Side 


H B, the Semidiameter of the Orbit, 15204. (2) TheSide X B, 
the Excentricity 1411. (3) The Angle HX B. the Comple- 


ment of the mean Anomaly PH+ 55.47 to 180 deg. viz. 


124.5 3 deg. 5 8 : 
By which you may find the Angles B H X, and X BH. 
(By CASE II. of O. A. P. T. | _” 


As the Sum of the Sides HB and X B 16615. — 42205003 


Is to their Difference 13793. 4.1395587 


Bois the Tang. of half XH B and X BH 27.73 d. 9.7207213- 


13.8603 800 


To the Tangent of 23. 50d. | 9.639879 
Which ſubſtracted from 27.73 (the half Sum) leaves 4.15 


makes 102.52 d. Which is the Anomaly of Varia- 
Kion. | A 


A 
„ 


0.00 diz · 38 dis. 90 d 


N the Figure the Semicircle PH V, is half the Orbit of Mars, P - Fig. 
1 his Aphelion point, H his place in his Orbit, B the Centre, BX LXXII.] 
the Excentricity: B the Semidiameter of the Orbit. 8 


de. for the Angle at H. And added to 27.73 d. gives 
51.31 dep, for the Angle X B H. And that doubled, 


K k k 2 = Which 


PE: - 1 
1 4 6 6 
; . I 
2 — * 
4. ff 4 
* — 
2 4 8 b 


— 


34 . Aucilla Malene, 
Fig. + 1d Which found ; fay, 


4 XXIF- AS Radius IN | "IP 
To the Sine of the —— Variation of Mars, o. 25 4. 5 639816 I6: 
So is the Sine of Variat. laſt found 102.62 (77. 38) 2.289229 


To the Sine of H B Z, 0.244 deg. the Variat. =+ THIS 5 

To the Angle XB H 51.32 deg. 

Add the Angle HBZ _©.244 the Variation. 
he Sun is X BZ. FT. 51.564. deg. - 90 
Ihe double whereof is f 103.1 28 And is the Motion N 

of the Epiciclea 2 N. dl 

Deſcribe the Epicicle, and upon it ſet the Fiotion of the Epici- 
cle 103.128 deg. from a to N, ſo will the Angle a ON be equal A 
to the corrected Auomaly P BZ; ſo that N is the Place of the | 
Planet Mars in the Ellipfis - And the Angle Z B N the Equation 80 


of the Epicicle; which is the difference between the place of a 

Planet in the Circle, and in his Ellipfis'; which may be thus 

found. For, | W 
In the Triangle B ZN there: is given, ( 1) The Side 2 B, the = 

Semidiameter of the Circle 100000, (2) The Side Z N, the Se- 
midiameter of the Epicicle 33. ( 3) The Angle B "A N, the 


Complement of the Metion of the Epicicle N Z a (103. 64 ) . vix. As 
77-36 de. 
And by theſe may be — the Angle N B Z. So 
As the Sum of the Sides Z'B and Z N, 100008 5.00008 | 
Is to their Difference 99992 4.99996 
go i is the Tang, of half ZN B and Z B v, 51.32 & I0.09659 
| 15.09655 
To the Tangent of 51.31 d. „ ROEUWST - | 
Which added to 51.32, gives 102.63 de. for the Angle ] 
Z NB; and ſubſtracted 3 leaves - o. oi deg. for 
the Angle N-B Z. 
Then for the Side NB. pt 
As the Sine of ZN B 102.63 de. (77.37) 9.989362 
Is to the Sine of NZ B 77:36 deg. 9.989345 
So. is. the Side Z B, 100 = . F.000000 . 
14-989345. 
To theSide BN, 99996 9 9999983 


From 


2 Wee 4 ee y. 


From the Angle BI 2 51.32 >a b 
Subſtract NBZ. — 1 
There remains the Angle X B NR N＋oB 1.076 whoſe "i 
plement to 180 deg. .is 128.924 for the An- 
ble NBS. f 
And da. 


* the Triangle B N 8, there is Given, (1) The Side BN 1 | | 


99996. (2) The Side B 8, 1417, And (3) The included Angle 
NBS 128.92 deg. From whence may be foundthe _ at the 


Sun BSN; and the Side 8 N. 


I 5 
As the Sum of the Sides N B and SB, 10 00%. _ 5.006082 
Is to the Difference of thoſe Sides 98585. 4.993811 
So Tang. of half the Angles BSN and B N S. 25. 54 d. 9.679276 
14.673087 
To the Tangent of 24.92 deg. 9.667005. 


Which added to 25.54 de. gives, 51.08 deg for the Angle BSN; | 
and ſubſtracted, leaves 0.62 de. for the Angle B NS. 


Then, For the Side NS, 


As the Sine of 8 NB, 0.62 deg. 2 8.034260 
Is to the Side BS; 1411. F 
So is Sine NBS128. 92 de. (51:08). | 2.821115 
13840334 
To the Side SN 101495. B aa 
Which is the Diſtance 4 6 from . 5 
Place of the Aphelion. 150.35 deg. 
The Angle at the Sun. 51.08 
Heliocentrick Place of Mars. 201.43 
The North Node Sub. 47.55 


The Argument of Latitude. 153-88. 


CH AP. 


Ancilla Mathematica. 


5 CHAP. Wt - - 
To find the Place of a Planet in the Ecliptick, 8c. 


1 Ez. FT that a Planets Place in Longitude in the Ecliptick, differeth 
LXXIII. ſomething from the Longitude in its own Orb, J ſhall there. 

fore ſhew (by Trigonometry,) How to find the Reduction, and 
the Ecliptick Place, with the Curtation and Parallax of the Orb, 
and conſequently, the Geocentrick Place and Latitude. 
In order whereunto, in the Scheme; Let S repreſent the Sun, 

H the Place of Mars in his Orbit; V his place in the Ecliptick; 
E the Earth: A the North Node of Mars.; B the South Mode; (the 
two Interſections of the Planets Orb with the Ecliptick; ADB, a 
Semicircle of the Ecliptick : D R, the limit of the Planets Greatef 

North Latitude. Theſe things premiſed, I proceed to 


The Trigonometrical Calculation. 55 ( 
1. In the Spherical Triangle BH V, Right-angled at V, there 7 
is given. (1) The Side B H 26.65 de. (the Complement of the 4 
Argument of Latitude. )—— (2) The Angle HB V, the Greatef 
Huclination of Mars, 1.85 de. By which you may find the Side 2 
el ef R A. S. T. This = 
As Radius, 90 de | . fi 
To Co- ſine HBV, 88. 15 de. | 9.999775 b 
:So is the Tangent of BH, 26.63 de. 9709577 4 
\ To the Tangent of B V 26.64. de. _ "9.700350 yy 
The Difference between B H and B V, is 9.01 de. is to be ſub- f 
tracted from 201.43 d. the place of Mars, becauſe the Arch OY 
| BV is leſſer then the Arch B H. | | 
Heliocen. Place of Mars, in his Ellipſis. 201.43 deg. G 
| Reduction Sud on 
= HAeliocen: Place Corrected 201.42 
ö =: Place of the Sun 215.87 T 


1 5 | Difference 134.43 
Which is the Anomaly of Commutation. On oo 
2. In the ſame Triangle, there is given as before, whereby the 
Tuc linatiun of the 0. bit from the Plain of the Ecliptick H V, may 


1 be found (by CASE II. of R. A. S. T. Thus 8 


rr 


NC F Theorical Aſtronomy. 


the Sm: By which you may find the Side 8 V, (By CASE IV. 


As Radius, Sine 90.00 de HVS, 
Is to the Side HS, 15204 +," =, ——_—— 
So is the Sine of V H 8, 89.17 d. 9.999954 
Jo the Side 8 V, 15 202. —A 


ly of Commitation 14.43 de. from X (the oppoſite Place of Mars 
tute an Oblique-angled Plain Triangle 8 VE: in which there is 


2 * n 7 2 L = TE oe A - ”" 
* — c - _ K 
1 1 Cx 7 p by * » i » — A n 
. Pe g * 2 a 
* = = P * , 7 
* 
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As Radius, 90. oo de. 


Is to the Sine of BH, 26.55 de. „ 9.65 7800 LXXIII. 
So is the Sine of B.H V, 1.85 de. ee EL, 
To the Sine of HV, o. 83 de. „ 


Unto which, the Angle HSV is equal. => | | 
23. For the Curtuted Diſtance 8 V. In the Right-angled Plain 
Triangle H SV, there is given, (1) The Angle VS H, 0.83 d. 
(2) The Side 8 H 15204, the diftance of Mars in his Orbit, from 


of R. A. SE} Fhus 


The Ecliptic Place of the Planet Mars, with his Bic lhatian and 
Curtation thus attained : The next thing to be enquired after is, the 
Parallax of the Earths Orb; and his Geocentrick Place, in Longi- 


tude and Latitude. : =; 
4. In order whereunto, in Figure LXXIII. the Circle OXEZ, FEE.“ 


repreſenting the Earths Orbit; Number the quantity of the Auoma-LXXIII. 


from the Sun) to E, drawing the Line EV; which will conſti- 


%, ; , ; a 
» } 
43 * ” p * \ a 
E 
: Re ²˙ rn rr rr oO OO OE EI 


Given, (1) The Side SV 15202. (2) The Side 8 E, 10000, (3) 
The included Angle VS E 165.57 de. (the Complement of the 


Aigle of Commitation to 180 deg.) By which you may find (1.) 
the Angles SVEandVES. And (2), the Side V E. 


As the Sum of VS and SE 25202; 4.401435. 
I to their Difference 202. 3.716170 
So is the Tang. ot half the Angles at Eand V, 8.22 d. 9.159743 

. bh 1-5. 38 : 12.875913 

To the Tangent of 1.71 deg. their differenſe. 8.474478 


Which added to the half Sum of the Angles at V and E (8.22 

d.) gives 9.03 de. for the Angle VES: And ſubſtracted 
therefrom, leaves 6.51 de. for the Angle SV E : Which is 
the Parallax of the Orb.. 3 1 | 


Then 


Fg 


24. Aincilla Mathem vaſieg. | 


— 


Then for the Side v E, | B 
| Lin As the Sine of VES 9.93 de. 9. 22660 A 
3 Is tothe Sine. of VS E 163.56 (16.44) 4.181900. A 
Sado is the Side * 8, 15202 EET... E 
13.633703 = 
Jo the fide VE %% N 4e I B 
To the Heliocentric Place of Mars. 201.43 | B 
Add the Parallax of the Orb SYE 6.51 TL 
The Sum is 207.94 
Which i is the Ceocentric Log. of Mars, = 
That is 6s. 27 deg : Or 27 deg, of =. J. 
— | | - | — — — _ — 
HA p ym. * 
Of the Piper: of the Semidiameters of the Sun, Earth, 
Moon, and the other Planets. ; 3 
a Of the hw, Earth, &c. aun, | 
Y the beſt Teleſco 1 T 
To the mean diſtance of the Earth from the Sm 10.00000 12 
The Semidameter of the Sim is of thoſe Parts 456300 
The. * of the Earth „ 
To the mean . of the Moon from the E th 118000 
The Semidiameter of the Earth is 1650 f 
The Semidiameter of the Moor 446 OE, 
And from hence, at all times, the Diſtance of the Lumina. *T] 
ries being firſt found, their apparent Semidiameters 10 
be obtained: And for the Semidiameter of the Fart 
| Shadow, in Lunar Eclinſes; I have Tore inſerted the Dia. Se 
gram of Types 3-4 The 


In whichDiagram, 1 | So 
Fig i "= the Centre of the Sam 175-575 TD | 


LI. AD his Semidiameter. 
B the Centre of the E arch, 


* 1 
r e d e IE WY Sn ee an er ne — — 


e 


. Of e Hy . 
B E. her Smidiameter. 2 34 And * W N EL Gas ö I 
AED, or A BD. the a DANG IE og of the "US, 


AE H, or BDE, the izontal F lax. br 
CF equal to HED, the $ N Aunlr of the Cone of the Eatb | 


BCand B F, being. equal to the Dil of 4 the Hom from 
the Earth. r | 
BTE, her Horizontal Parallax. © 


CB. F Fe are Semidiameter of the Kart the Shades, 
. From hence, Ai 2117 1 99 


I. The Semidiameter of the Sun, the Sener Parillax being 
ſubſtracted, is equal to the Semi-angle of the Cone of the 
Earths Shallow. i 

80 A E D-=wiiAE Ham HED. 
2. The Hori allax- of ehe Moon, the Nth el of the | 
Cone of the Earths Shadow bei 3 18, _— to che 
apparent Semidiameter of the Sha 8 
80 5 F ECG EER 

3. The Sum of the Horizontal Parglaxes: of the Sum and Myon, 
is equal to the Sum of the apparent eite of ches on 
and Shadow of the Earth. ..;;;+ --; 

S800, BDFTKBED ARD BT. 

Therefore, From the Sum of the Horizontal Tapas ab the 
Fun and Moon, ſubſtract the a pparent Semidiameter of the dm; 
and there will remintheappyrent diameter of the — | 


Shadow. 
| So, BF D-þBDF—ABD==CBF. : 


fl. For the Proportional Magnitudes of theſe Three Bodies. 


4 


The Semidiameter of the 12 46300 Log. = 4.665 5581 
Earth 727 = 2.861534 
5 The Log. Difference 1 804047 
8 Maltiply by 3 
The Logar. of 258309 FT 


So that the Body of the dm rexceedethe Body of the Earth 2 58309 
times. 


Ar, , * . 3 
* : * 9 + vo, 
* 5 


Fg 1 
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ils 9 * 5 


Tre Senidianete of the he L Earth 1650 Log... ad 5 
LAV. 5 5 Aon 446 Log. 2 
ZI e Evgar. Bieten 
Ae ee e e Oy, 
© To the Logar. of PE | 1. 70444 
[a that the Earth is greater than the Moon | 50 rimes, and 
7 : | _— Parts. ä : | © fo VEE»: 199 | 
Hl. Of the” Sinifameters; and Bebe r che Dig 
Planets to the Earth. F555 . 
From the accurate Obſe rvations of nen, Gallndu, and | 
Merv are determine . | 
| 10887 «Ch 4 
The apparent Kids NY 
meter ef theſe z Planets 4 04; 1 X 
in their mean diſtance Y-- 18 * 
= from che F. 1 22 3 
1 | | +73. Os * 2 
1 | From hence ma * be Sathere, That «te 1 of. Mw] I 
=_ we 4 | Oriatey tun tf e Zarth' 298 time: (1572 2 "Ou A 
. The Body of Jupiter 577 times. ö ll 
= - Jut the Barth i is Gfrater thanthe other Three: rer i it. 
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SHEWING, 


their true Places, bott! in LOGO a Lath 
tirude, at any time. fi 


And their wee 2 5 n le S or ken 


1 r 


CHAP. 1. — 


z * 2 a 
* b | F » 


other Planet. 5 8 - 


F 


I. How to deſcribe and divide the Ecliptick. | 


divide into 42 equal Parts, for the 12 Signs, noting them with 


eavens ; whoſe Centre is ©; the fixed place of the Sun. 
In this E cliptick Circle, every of the Planets hath a Point, which 


Pont, it is at its greateſt diſtance from the Sin. Now. the A. 
phelial Points of each Planet, are theſe which are exhibited i in this 


Ittle Table. 
1 TE. ⁊ | The. 


* 


5 
/ 


„ 

17 
„ . 

1 - 

\ 
—— $ 

a 
oY 


A Plain, and Eaſie Way to Pro "ot Theories of 
the Planets (in Plano 5 And by: them. to! find 


How to la 7 down IC in Plan” the dun 7 the Earth, * 


OR the performance 3 you muſt have 2 Scale of 
Chords, and a Scale of 1000 equal Furt to the ſame Radi We 


(Or, Talther,! a Sector, with ſuch Scales upon at.) Then, 


heir reſpective Characters, T , U, Cc. This Circle thus de- 
[cribed and Charactered, "repreſents the Ecliptick Circle in the 


% A ; 
p 5 ; 8 ; j A * 


225 


With 60 deg. of your Scale of Chords, deſcribe a. Circle; which 


. 
is called the Aphelion of that Planet : For when the Plant is in that LAXYL 3 85 


Aucilla Mathematica: | 


85 X Taper , 
11. 9 Mars 33 . 
| enus 
| Feercury. 
8 The Earth 


1 | g Ts draw the Aphelial Eme.. 


UE rode * Aphblial Point of the Plat: (as in- our Exanyli 
MARS, ) 0:35 dein cee a Right · line to the Centre O, as the 
Line its 4 ©, and. that (ball. be the. Apbelial Line of 
ERSY --* 
For the Aphelial Line of the Barth'; The EA RT HS Aphe- 
lial Point being in 7.00 deg. of Capricorn, from that Point dray: 
a Right: lige. to O the Centre, as the Line © Ag. ©, and that ſhall 
be the Earth's Apbelial Line, in the Theories of all the Planets, 


II. "T6 find tis Exchftric Poo if any of cbe z Superior Pla- 
on 1 Y, &, they will. be found . by the. numbers 1 in this little. 
able. For, | 


Þ 2to the Centre G be 1000, 946 
* [Pot ws Ashes Y StheExcentric Pointſhalll +6 
OI C Ifrom the Aphelial Point* C915: 


Wherefore, take the length of the Aphelial Line Ap. d. O in you 
Compaſſes, and open the Sector in 10, and 10 of the equal Parts. 
Then, if from the Sector you take 915, (the Excentrio ar Mars) 
it will reach from the Aphelial Point: Ap. d, upon the Anbelial 
Line of Mars, to X, ſo ſhall X be the Excentric of MA R'S; 
upon which Point (at the diftance of 4p. & X) if vou deſcrib 
a Circle, as 4p. s, N, d, that Circle. ſhall. be the Orbit of the. 
Planet MARS, in which it moveth. 

For the Apbelial and Excentric Prints of the E A RT H in 
the Theories of the three Superiour Planets, they will be at tht 
Numbers W in this little Table. For, 


; : F _ a 
2 : ” —- 4 
* 4 
£56 - ; x a : * * 
4 : a / 23 
, N a 
k 2 : » - Th 4 f 
* 


mmpli 
$ the: 


> <<: 
4ube- 


Iraw: 


tal 


Pla- 
ittle. 


Aphelial Point of the 
ry of 
former diſtance) take 


Tine) from the Centre O to A5 
Aohelial Point of the E Sr eat the ſtarve of the Excentric 


"Theory of MARS: Which Point falling ſo near the Centre'© 


the difference being only z:? Parts: And in the Theories of <4 
other two Superior Planets, the difference wil be much leſs; for 


two Biferior 


 lial Point of 


e Ee wn ; 8 | 1 3 , 1 
The diſtance of the 55 ä he * 099 LSXVE.- : 
| | Excentric of the © from) EW 
186 he Aphelion of the S, A 183 
ſhall be in the Theo- 5 
<& 600 


© from the Centre, 
ſhall be in the Thee- } L 
— C0 61 I-Jry-of. 


| Wherefore, Out of your dr, (it being Kill opened to the- 
8 diſtance of the Aphelial- Pomt- of the 
"on Earths Aphelial. 


Earth (for MARS 611) and ſet it ( 
he point 4p. & be the 


. ©, ſo-ſhall t 


of the Earth, from the Aphelial Point of the Earth: bein 

take 600 out of the Se&or, and ſet it from the Earth. 4þ 
Point Ap. S. downwards towards the Ceritre O, and that ſhall be 
the Centre whereon to deſcribe the Orbit of the Earth on 075 


you may deſcribe the Earths Orbit upon the Centre O it Rf 


in the Theory of Saturn it will be 222 Parts: And in the 
of Jupiter, but 2 Parts: 8 that in en Thom 8 10 need: 
not. be much regarded. 1 1 Nen 


4 For the Aybelial and Ea xcentric 22 of is Euch, and hs. 
| a9 2 and ?, the Tables following will ex- 


bibi 3 
1. 8 the Api Paints. 


| Earth 10 0 be 1000, the 2 8 e. 
| Excentric Point of +4 + 


oP 0 For hs Five ben. 0 e 


And from the- totheExcen-G 


U — K » — — 


ee „ Mothe vat: 


5. For the Nodes of the Planes. 905 


The Aendant. Nodes of. the ſeveral Planets (for the Earth 
hath, none :) This Table will tell you to. wie, a in the E- : 
cliptic ies are to be draun. OE e 


* Node of </ 


Whindfore, theNode of the planet 7 5 being i in 15755 . . 2 5 

2 Riller from the Centre O to 17.55 de. of Taurus, and there 
draw an obſcure Line: This Line is the common Section of plain 
Planets Excentric; with the Plain of the þEclptias and. where 
this Line crofleth the Orbit of Mars, there write Q Dragons 1 Head; 
at which Point, when any Planet is in its · Orbit, it goes into 
North Latitude : And at the. oppoſite Paint, through the Centre, 
is the "kala of 8 ** * Tail, where it. Soes into South La- 


bt ia of the Indinztion i the Planer, = „ 
The Greateſt Inclination of the Planets are fach as are. abr 
ene ee RE” DE, | 


V . 5 . ö a 
© -* *% m1 *. - 


L 4. 


The Abdi Len and Ort; 12 } of the Earth, A ” the 
Planets being drawn within the Ecliptick Circle, 1 andy th to 
be done is, - ſhew how to place the Earth and: any Planet in their 
reſpective Orbits, for any Time propoſed: And alſo, How to Re- 
.duce their Places ſo faund in their Orbits at that time, to their re⸗ 
ſpective Places in the Eclipticł Circle. 8 

In order * it will be neceſſary to ſbew, l 


4 How Time i is to be Acconnted, 


YL I. To bee, of _ Harth-and -Planet- for any”. „3 
Time propoſed. | 2 LXXVI. = 
m. How Dagrees of Anomaly in-the Orbite, are to he, reduced to N 


| Degrees 1n the Ecliptick. „„ e 1 

. = — 

TIME is to be thus Accounted”: 2 "begins y 5 5 
own Noon So that 12 at Ben ot d 


is the Common Term of the Old and New - hog ; . 
of the Former, and the Beginning of the Catter. 

Before the Lowitude or Place we a Planet in the 2 cliptic. | | | 
found; the equal Motion of the Anomaly for the Time propoſed  , —__ 
muſt be known ; and that Motion for any propoſed Time may be = 
collected out of theſe TABLES. n.... Ta 1 
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g Motion of the Aol. in Months ; 


Of che Common * E A R. 


FH, Em — EY BP he 2 p 7 
1 1680 1000 0 108 Ic 
De. Pts. De. Pts. De. De. Pts. Pts. De. Pts. De. Pts. 
4.30. 55 1. . 5 2. 580 16. 67126. 86 
5s. 15] 1. 97 | 520241. 45 
88. 17 _3. 01 OI 19 8. 311 
1118. 27 4. ＋ 5¹ 9. N 192. 25.137. ob 
148. 03] $» O5j12. 55. 241. 92,257. 94 
| 178. 580 6. 2 O4 851289. 98 98 20: 20. 71 
728. 95]-7--09,17. 62/111. « 555. 539 5 57 
239. 50 8. 1320. 19127. 34 29. 31 274. 43 
269. 07]_9: 13122, 68 27: 38 37: 20 
— 299. 5210, 17125: 5. 2611 | 12704164. E 
329. 19/11. 17/27. 75/175. 02175. 11286. 833 
e 559.2442 2142219 224. DE 
Months in che * e | 
| Earth. = 1 1 
1. 04 2. 2. 58, 49. 67. 1455 86 
59. 142. 1 4. 99 31. 44 96: 13,245: 54 
89. 691-3: 4 Z. 56] 47:.891145- 79] 12. 4% 
5 26 4 05] 7. 95] 62 11193. 86/135. 17 
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e Of Geometrical Actronomy. 
The manner of Collecting the equal Anomalies from theſe T A. 
B LES, ime; - 2 119 


Firft, Exſcribe the Epocha which belongs to that Year which 


U 


moſt nearly precedeth the Year wherein you ſeek the Place of a- 


ny Planet. 


Secondly, Under that Epocha (or number) write the Motions. 


iy 


belonging to ſo many Tears, Months and Days, as are compleatly | 


expired ſince the Tear of the Epocha; all-which Numbers muſt be 
taken out of their proper Tables, and ſet orderly one under ano- 


ther; which the disjunction of the Numbers will give Direction 


enough how to do. | 


Tbirdh, All theſe Numbers muſt be added into Ore ; and 


their Sum ſhall-give the 4romaly for the Time propoted — And 


if the Sum riſe to be above a whole Circle, or 3.60 Degrees; 


you muſt then caſt away the number of 360 as oft as you 


may, and the remaining Number muſt be taken for the Ki- 


ay. . 


Fourthly, Theſe things are to be done both in the Farth and 


the Planet ſeverally; as is done in the Example following. 


tt. —c cc —_ Ov. 


— 2 
— 2 "Ie. * a 
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CHAP. III. 


=; 


How to Collect the Anomalies of Saturn and the Earth, fir 


the 16th Day of May, at Neon, in the Tear of Chriſt 
1712, being Biſſextile, or Leap-Year. Po 


We _ T Anomaly. | Anomaly. 
2 — - D 3 
pocha for the Year 1700 ns np eg — 26 | 75 5 
tion in Veer 34 ][ 339. 99 | 48. i 
j — April Compleat B 119. 26 | 4. 65 
> Days Compleat 15 ES. ERP. 
10 : The 2 Circles Subſt, _ 2 — he Ponehs | ; 
ual Anomalies for the Time. | 327. 48 | 222. 76 | a 
| £ 15. 50 | $15: 00. 


Which reduced to the Ecliprick, are 


57. 


358 


„ Ancills Mathemol##) 


Fr $5 Out of the Table of Tears, exſcribe the Hochs for 1790+ 4 
And under it 4 Tears and 7 Tears, (which together make 11 com- 
pleat Jears:) Under them exſcribe April Compleat (putting B te 
it, for that it is a Leap-Tear .) And: under that exſeribe Days Gom: 
pleat 15. Thus is the firft part of your Work performed. 

Second h), Repairing to your Tables, you ſhall find the roma 
of the Earth which ftands againſt 1700, to be 194.26 de. and the E 
Anomaly of h to be $3.88 Aeg. both which ſet in their proper 
Columns under & and th, againſt 1700. Alſo, Take out of their 
proper Tables, the Auomalies belonging to 4 Tears and ) lears, | 
and write them in their proper Golmms againſt their reſpe, 
Give Times : As 359.96-deg. for 5 ©, and 48.86 deg. for h 
which ſet down againſt 4 Ears: Do, the like He's Tae , And 
for the Month of April, which muſt be taken out of the Table of 
Moiths in the Leap-Tears, becauſe 1712 will be Leap-Tewr + And 
for tlie 15 Days, take the Auomalies anheering to them out of the 
Table of "Anomalies. for Days. 

Thirdh, all the * being thus leide ont af the Tables 
-and ſet l one under another; * muſt add them toge 
ther, and you ſhall find the Sum ..of the O Auma to be 
1047.45 deg. And the Anomaly of LI to be 222. 76 deg. But, 
_ becauſe the m of the Eurths Anomalies is above 36, vel muſt | 
take that Number, as oft as you can (which is twice, viz. 720 
deg.) and the Remainder: 327. 45 deg. is the Anomaly of the OG 
Redded - But, the Anon ly of h being leſs than 360 deg. needs 
no ſuch” Nadutklon. Affd thus have ybu 'computed the "Awma- 
Ber of RT” b, or 0 the rei 1 Ws in we Year: 771 2 
at Noon. 5d Lier n er 
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Hom the Böer if Ano naly of the vile or r any,0 4 | 
Planets (pound as before Nin ther Orbite 3, * are to Pa: 
duced to Degrees i the Ecliptick.. NN: 

FE the 9 "Wy the Following 7 Table i is -Ciſtvient : 
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* 5 A * A BL E, hewing: what. Point of N | 
35 1 8 antwers to any Degrees of Anomaly, —_— 


that the Earth, or any of the other 7 1 7 135 
found to have 1 in its own Orbit. 80 


5 eee 85 N * 
| Degrees. 5. B. |s. B. . 
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Left-hand, is placed the Degrees of Anomaly, from 1 to 360, by 


Parts of the E cliptick which anſwer thereunto. So that if you 
ſeek the Degrees of 4romaly of any Planet (found as by the for- 


anſwerable thereunto. 


is the neareſt Number to TY in the Earths Column, 7 8.02 de. 


of the Ecliptick anſwers to 3 20 deg. hs Saturns Sromaly i in his Or- 
bit: And 1 of any other. 


ing but every Tenth Degree of Anomaly in the firſt Colunm, the De- 


a = ces of the Ecliptick, of every Tenth Degree of Anomaly : And 
ther 
we e to be known) 


BER the Earth? 328 de Elipric 1. 52 2 
The Anomaly of. * being Degrees. an- 
C2236 3 CAVenIng, 2 are\ 15.02 


therefore in our — 


The Uſe of the Table . 
The Table confifts of Seven Columns : In the feſt 88 45 


every xoth Degree. And in the other Six Columns noted at the 
Head with , bh, V, C, 2, , you have the Degrees, and Ic 


mer Table) in the firſt = Do you ſhall find againſt thoſe De- 
grees of Anomaly, the Sign, Degree, and 100 Part of the Ecliptick 


So inthe foregoing Example of the E arth & and Kuen H, „where 
tte Auomnah of the Earth was found to be 328, and of Saturn = 
223 (neareſt) —— Now, if you look for theſe Numbers in the ; 
firſt:Column of this Table, you ſhall find, that againſt 3 30, (which 


And that Degree of the Ecliptick anſwersto 330 deg. of the E artbs 
Aromaly in its Orbit.—-Alſo, againſt 220 in the firſt Column 
Chich is the neareſt to 223, the Auomaly of Sat) you ſhall 
find in the Column for Saturn, N 11.93 deg. And that Degree 
But in the Uſe of this Table you. are : to note, That there bs - 
grees 1n the other Clamer for the Planets give thoſe Signs and De- 


efore you muſt make wo (which how to n 
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CHAP. V. 


The Uſe of the Theories: Re by hw to 7 fs Places s 
the Earth and Planets, both in Longitude” and Lati- 
tude, &. far any time propoſed. Ar for MARS 
and. the EA R TH, on the 1875 of October. 1705. 


F Orbit: of the E A RT H and M AR 8 being . 
ſcribed in the Theory, as is before ſhewed how to do; 


Firſt, Collect the equa Aiomalies for the Earth and Marys, for 
the Time propoſed, "and their Redufions to * * 281 


here ••• u N i 


Pay 1 
% * 
y as tb ” * 2 — 
3 ” a ; ' nd g 11 7 þ 
1 dll * 1 1 5 8 3 — 


The Equal Anomalies of. ab Farth * lars, 2 0 
=> „nber 2709's at No Ly 5 
** — — — — e oF — 75 

> —— — - — — 18 
| © Zpoc 6 for 33 woo 1 5 
+ EY wes Oban pleat 4 | 

Month of Spreader Compleat 
BE on — 
oe RR The Sum 
RE Circle Subſtr. | 

RE, Ife E. ee 120. 5 - 55 6 
Ther Redudtion to theEcliptick 2 12 817. 68 3 


8 The Egal Anomaly: of the Earth cc to the E-- 
1 being in . 12 de. of Taurus, lay a Ruler to the Centre 
©, and 5. 12 deg. U, (as at c) and where it croſſeth the Orbit of 
the Earth, make S, for: that 1s the Place of the Earth- inthis Or-- 
bit at that time. 

Thirdly, The Equal ompaf M ARS, reduced the Telp- | 


tick. e HORA in 77: 68. 1 of Ling: 1 Ruler to the 
Centre: 


an Sos 


rr | 
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Ae Mabel e 


Centre O, l 17.68 deg = (as at d,) and whine I 1 
Orbit of MAR 8, make &; for. that i is the place of MARS! in 


his Orbit at that time. 
Fointhh, Draw the Right-Lines, Se, © 3 and 7, conſli 


8 the Right-lined Triangle © & ©. 


The Theory thus finiſhed, I come now to ſhew. 


1 To find the Sun s true Place i in the za for the time 
propoſed. 


" Laya Ruler upon the Line © ©, =,” it val cut the Zelj ptick | 


Circle in-b © b, in 5. 51 deg. of Scorpio : and that is the g . s 


| Loygitude ( or Place i in the E: cliptick) at the time propoſed. 
Lov To find the Lopitude (or true Place i in the Eclptic ) of 


- M-AR-S for the lame . 


Threugh che Point © in the Centre, tay a Right-Lihe - 
lel to he Line & ©. as the ſhort Line a & a, which will croſs 


the Ecliptick Circle in 25.00 deg. of Libra = where make the 
Character of MARS; for that is his true Place of - Longitude in 


the Ecbptick, for the time propoſed. 


Mark now the Triangle © & ©, made up n the Theory, by = 
the Centre ©, and the Point of ® and Yin ir Orbits - F Or 1N 


that (pg 8 5 y 85 


/ . 


1 FRE >. in. 
The Side s the diſtance 8459 ®Sfrom the Sun. 
| && S CEarth- 


All which are to hs Moore ypon on-Bper Scales for the ſeve- 


ral Blanets.- And 


CC Oe the ed 1 Comnutation. - b 
The Angle 7280 Hl 7 Earth of of < Eloygation. - 
jon of 9 D. * : Planet\ aral. the Orb: 


Thee . ma . be Meaſured (very near the Truth) by 
cale of Chords; but vin accurately (when 
The Sides are known). by Trigononet ical Calchlatton : Of 


help of yoar 


J which hereafter. 


e 
K 
IF 


But 4 


But br the ggg of the „ Seals muſt be made 
for each Planet, and the Earth. And, 


| The Proportions between the Length of the Aphelial 155 of this. 


ſeveral Planets, (taken from the Center of the Theortes, to the 


Appbelial Points) and the Scales by which to meaſure their Di- 


ſtances from the Sun or Earth are tele mann in Kis 
Table, OR 7 


. FO Fs 
" 4 F4 29 
* , : 
— 3 K wr ol 8 . 
—_ * 1 o * 0 , F , 
2 „ 0 f, it ads \ 
Ss oh: Bb 1 8 » . > 8 ts A * 1 : 
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Which Nabil will ware Prop er N ber r the Di | 


Pances i in each' Theory, And the Scale, for the Earth, will ferv rve, . 
alſo, for the Theories o Von and Mercury... ys 
And notefarther, FOE all "VE poſit pen theſe Bo. 


per Scales, are R . 


| "And theſ: Produ8t ſhall 1 the Dif ances meaſured upon the 
Proper 9 into Semidiameters of the, Earth, . 


III. To find the Diſtance: of M ARS Goda the Sn * "af 
the Earth, for the Time propoſed. TS 


| Take i in your Compaſſes the length of the teal Live 4. 
2, O, and opening the Sector in the Points 56.73 and 56.73. 
The Sector, as ſo opened, ſhall be the Scale whereby to meaſure 
the Diftances i in the Theory of MARS. Wherefore, if TR take 


in i n Gag of the N of Mart. 
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2 bY 
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The Lir 9 2 dhe 80 0 1 dry * toc contain ng; 


Z 2 8 jou tha — 45 8. 
3 WV. Io find. the aur « cru, or Aa at the 09 
3 | ET | * Lay a. "Ruler to © the Centre, and the Point ® 3 in its One, 
br and it will cut the Ecliptick Circle in the Point c : Alſo lay a Ruler | 

F upon © the Centre, and the Point Mars in its Orbit, and it will i cut 
=, the Ecliptick in the Point J; then w. wil It'the Degrees of the op by: 
+ - tick, intercepted between c and d, be the quantity of tlie | 
| 4 © ©. the Angle at the Sun (or 'of Commination) ane will be 
found to be 162-00 deg. | 

| * To find the Sela of Elongation 3 Piralls of the On: 

| PE (or the Argles at the Earth and Planet) © © d and OBE. 
. 8 :- "Thi (as I ſaid before) may be meaſured upon the The ory by I 
| 0 FE. the aſſiſtance of the Scale of. Chords: But. the Avgle of ee 
tm and the diſtance of the Earth and Mars being known, they 
__ may more exactly be 1 an by enen Calculation : 
1 | &s the Sum of the Sides 8 © "and && ON 9025 974427 I 
=: -- Is to their Difference 2095. 3.317018 
* 25 8 dens. of half the ade a 8. and 055 00 7 2.99272 ; 
1 $: 5 285 „ 12.516770 
| To the Wangen or 209 Hoe: VVV 
1 which added to 9,00 deg. gives 11.09 4 ho the 4 gle at the. 
; Earth (or of Elongation OO | bs 6 ſabſtraced from. 

| 5 9.00 deg. leaves 45.91 8 for the ble at * 25 of. the. | 
| DT. 1 of the O, 2.— TE ? 
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a = x 7 5 i n 12 1 . Slaps $a a 8 n 1 « l 3 bo 
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. pe” 
= I. 1. find the Latitude of” M A R 8 at the ſame time.. | , 


p Before the Farid can be found. the 4 gument of- 1 att 

3 1 2 To theArtaining whereof, Lay a Ruler to the Centre O, 

And the Paint S ini the. Planets Orbit; ſo will the Ruler cut the. 
Ecli ick in the Point e- And 4 Ruler laid from the Centre * | 
«to &, will cut the Eclip tick i in the Point d: So that the Ale mo 
doe is the Argument of Latitude; and in this our Example will. "Fg 
be found (by meaſuring. the Degrees © of the TE Circle etween. . „ 


4 and e) e ee, 1 + hs „ 


"The Argwnent of Latitude thus attained, i true Latinde ma 
be found 2 . S 7, a 5 * 


4s th Radius, Sine S . 


Is to the the. Sine of the Ag. of Latit (1 9 5 d 022 
8 is the Tang, of Mars Greateſt biel. 1.84 de - — ) 1 3 


To the Tangent of cds deg. 3 x8. 2090802: , 


3 0.92 De rees is the Latitude of MA R 8 "ul at 5 3 
Siu; and is North, W the Berk of M ARS was. e 


Nerthward 4 7 | . | 8 
wen find the Catitude as ; this th Pas, * 
. Proportion i 185 5 . 
As the Difance 8 0. 8820 | ES. - | 3. 947468 5 
Boche b © „ : "3:744293| © 
Sol is the Tang. of the Latit ſeen at the gane ade. 8. 0% 6 
E Res 
To the Tangent of 0.58 des "a 8.04277. 
Which . 0 Mars ſeen from Earth...  .., *. 
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